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ABSTRACT
This is the final report of the California Department of Fish and
Games intertidal and subtidal surveys of plants and animals in the
vicinity of the Diablo Canyon Power Plant. These studies cover the
period from 1979 through 1982. Our previous report (Gotshall, et ale
1984) covered the period from 1973 through 1978. The report
includes abundances and statistical analyses of comparisons of
abundances between years and study areas for selected intertidal and
subtidal plants and animals. A total of 556 random subtidal
stations, 540 intertidal stations and 67 permanent abalone transects
were completed during this report period.
Trends in abundances of most species observed during our 1973
through 1978 studies continued, i.e. the population of giant red sea
urchins remained at a very low level, bull kelp Nereocystis leutkeana
densities continued to decline in Diablo Cove and North Control.
These two trends are probably due to the effects of continued sea
otter foraging in the study area.
Our observations of the presence or absence of fishes at subtidal
30m stations indicate a continued decline in the abundances of
lingcod, Ophiodon elongatus and a decline in the abundance of blue
rockfish since the 1973 through 1978 study period.
Anew study was begun during this study period, the use of baited
stations to obtain relative abundance indices for those species of
fishes attracted to the bait. Black-and-yellow rockfish were the
most frequently observed fishes at Diablo Cove stations, while blue
rockfish were the most frequently observed fish at North control
baited stations.
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1 SUMMARY
This is the 26th and final report on the California
Department of Fish and Game's pre-operational baseline studies of
selected nearshore marine biota at Pacific Gas and Electric Company's
Diablo Canyon Power Plant site (Figure 3-1). It contains statistical
analyses of data collected between 1979 and 1982, inclusively.
In the study areas, which ranged from South Cove to North Control
(Figure 3-2), we conducted intertidal studies on algae, surfgrass,
and invertebrates, subtidal studies on algae, invertebrates, and
fishes, a bull kelp and a giant kelp census from shore, and a sea
otter study (see operations chart Section 4).
A. Intertidal Studies.
I. Random Surveys.
a. O.25-m2 Quadrats.
i. Biomass of Soft Red and Green Algae.
Significant differences in abundance over
time were detected for total soft algae at each
study area, and in at least three of the four
areas for each key taxa. Pairwise comparisons
revealed that seasonal changes in abundance were
the most numerous and that, except at south
Diablo Cove, year-to-year changes between
spring-summer samples were not observed for total
soft algae biomass and were uncommon for key
taxa.
Differences in abundance among study areas
were significant for total soft algae and for all
of the selected species/complexes. South Diablo
Cove and North Control was the only area pair
x
that did not differ significantly in total soft
algae biomass. For the key taxa, 36 of the 48
area pairs were shown to differ significantly in
abundance.
ii. Percent Cover of Articulated Coralline Red Algae.
Both seasonal and year-to-year differences
in articulated coralline algae cover were
observed. However, only one of fifteen possible
sampling period pairs at Diablo Point and North
Control were shown to be significantly different.
A significant difference in coralline algae cover
was also found among the study areas. A pairwise
comparison test indicated that, like total soft
red and green algae biomass, coralline algae
cover did not differ significantly between south
Diablo Cove and North Control.
iii. Percent Surfgrass Cover.
Seasonal and year-to-year differences in
surfgrass cover were documented for the areas
where it is found. No surfgrass was found at
Diablo Point. Except for south Diablo Cove and
North Control, all areas differed significantly
from each other in surfgrass cover.
iv. Invertebrates.
Significant differences were detected for
over half of the comparisons of key invertebrate
populations over time, which is an indication
that the intertidal invertebrate community
structure is dynamic. Statistically seasonal
xi
population changes were not detected for any
species. Ten of the twelve species density
comparisons among study areas were significantly
different. For invertebrates measured, most size
frequency distributions had modes from 10 to 14 mm
and distributions skewed to the right.
b. Perpendicular-to-Shore Abalone Transects.
No significant differences were detected among
sampling periods at any study area for densities of
Haliotis cracherodii (black abalone) and Haliotis
fufescens (red abalone). Densities of H. cracherodii
were significantly different among areas, which was
probably caused by more favorable habitat in the
higher density areas. No significant differences
among areas were detected for densities of H.
rufescens.
II. Parallel-to-Shore Abalone Transects.
Significant differences of densities among sampling
periods were detected only for ~. cracherodi; at north
Diablo Cove and for H. rufescens at Diablo Point.
Variability in counts may have been due to the
nature of the sampling design rather than actual
variability in population numbers. Significant
differences among study areas were detected for both
Haliotis species.
III. Permanent Abalone Transects.
The highest and lowest densities of black abalone
were encountered in south Diablo Cove, at Stations P-2
and 3-A respectively. Red abalone were rare or absent at
xii
all stations. Variability among sampling periods was
probably caused by a combination of biological and
physical factors, experimental error, and man1s impact.
B. Random Subtidal Studies.
1. 30-rrf Quadrats.
a. Brown Algae.
Of the three species tested, only Laminaria
dentigera demonstrated nonsignificant changes of
densities over time at all three study areas.
Pterygophora ~alifornica densities differed
significantly over time only at south Diablo Cove,
while densities of Nereocystis leutkeana differed
significantly at both north Diablo Cove and North
Control.
All three species of brown algae differed
significantly in density among study areas. In
pairwise comparisons Pterygophora differed between
all three area pairs, Laminaria between two, and
Nereocystis between only south and north Diablo Cove.
A significant distribution by depth was found
for two species at North Control.
b. Invertebrates.
With one exception each, in south Diablo Cove,
north Diablo Cove, and North Control, the statistical
test performed on the data gathered from the same
eleven organisms surveyed in each area suggests
temporal stability in their densities. The
exceptions are Haliotis rufescens, the Doriopsilla
albopunctata-Dendrodoris fulva complex, and
StronQylocentrotus franciscanus, respectively.
c. Fishes.
During the present study period, four new
species were added to the list of fishes observed at
Diablo Cove 30-m 2 arc stations (1974 to 1978). These
species are kelp clingfish, Rimic~~muscarum; canary
rockfish, Sebaste~ pinniger; swell shark,
Ceph~~~cyllium ventriosum and masked prickelback,
Stichaeopsis sp.
North Control 30m2 arcs produced six new
species: swell shark; giant sea bass, Ster~olep~~
gigas; copper rockfish, Seba~~es caurinus; Pacific
angel shark, Squatina californic~; monkeyface eel,
Cebidichthys yiolaceu~, and masked prickelback.
Coralline sculpin, Artedius corallinus and
painted greenling, pxylebius pictus, increased in
percent frequency of occurrence at Diablo Cove 30-m 2
arcs; while kelpfish, Gibb~nsia sp.; striped
surfperch, Embiotoca l~~~~~~; kelp greenlings,
Hexagrammos decag~~mmus; lingcod, Ophiodon
elongatus; and blue rockfish, Se~~~tes ~stinus,
declined.
At North Control 30-m 2 arcs striped surfperch,
kelp greenlings, lingcod, senoritas Oxy~~~~~
californica, and blue rockfish declined in percent
frequency of occurrence.
In general, surfperches as a group declined in
both study areas. The decline in the abundance of
the surface canopy kelp Nereocystis and corresponding
xiv
increase in subsurface kelps Laminaria and
Pterygophora is probably the major cause in changes
in abundance of most fishes in both study areas.
II. O.25-m 2 Quadrats
a. Biomass of Soft Red and Green Algae.
Generally, temporal stability in total subtidal
soft algae abundance was found at each study area.
The eight key taxa did not vary significantly in
abundance over time at south Diablo Cove and north
Diablo Cove. Only three key taxa were unstable over
time at North Control.
All three study areas, however, were shown to
support significantly different abundances of both
total soft algae and seven key taxa. Only Opuntiella
californica had a similar abundance at each area
studied.
Total soft red and green algae was distributed
significantly among different depth intervals. At
north Diablo Cove and North Control certain 3 m
depth intervals were shown to support significantly
more soft algae than the other depth intervals.
b. Percent Cover of Articulated Coralline Red Algae.
Subtidal articulated coralline algae cover
remained stable over time only at south Diablo Cove.
The only study areas that supported equivalent
articulated coralline algae cover were south Diablo
Cove and north Diablo Cove. North Control supported
significantly greater coralline algae cover than
either south or north Diablo Cove.
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c. Invertebrates.
The statistical test performed on the data
gathered from each area on the same thirteen
organisms surveyed suggests temporal stability in
their densities. The exceptions are Tegula brunnea
in south Diablo Cove, Strongylocentrotus franciscanus
in North Control, and Acmaea mitra, Balanophyllia
elegans, Epiactis prolifera, Serpulorbis squamigerus,
and Tegula brunnea in north Diablo Cove.
III. Baited Station Fish Counts.
The three most frequently observed fishes at baited
stations in south Diablo Cove were black-and-yellow
rockfishes, Sebastes chrysomelas; painted greenling, and
snubnose sculpin, Orthonopias triacis.
Cabezon, Scorpaenichthys marmoratus, and
black-and-yellow rockfish were more abundant at stations
7.6 m or shallower in south Diablo Cove; while painted
greenling and gopher rockfish, Sebastes carnatus, were
more abundant at stations deeper than 7.6 m.
Coralline sculpin, snubnose sculpin, striped
surfperch, painted greenling and blue rockfish showed
significant seasonal differences in counts at south
Diablo Cove baited stations.
Black-and-yellow rockfish, blue rockfish, and
striped surfperch were the three most frequently observed
fishes at north Diablo Cove baited stations.
At north Diablo Cove stations painted greenling were
more abundant at depths greater than 7.6 m.
xv;
C. Bull Kelp and Giant Kelp Census From Shore.
The number of bull kelp plants observed at the surface
remained relatively stable from 1979 through 1982. The
distribution of this kelp at Diablo Cove also changed little
during this time period.
The low number of giant kelp plants, Macrosystis sp.,
observed each year at the surface fluctuated, but no
increasing or decreasing trend was evident.
D. Sea Otter Study.
An increasing trend in sea otters, Enhydra lutris, in
the vicinity of Diablo Canyon was observed from 1979 to 1982.
The number of pups seen each year also increased, indicating
this area was becoming a more established portion of the sea
otter range during the period covered in this report.
Sea otters were observed foraging in each census area,
with crabs (Cancer spp.and Pugettia spp.) and abalones
(Haliotis spp.) being the most frequently observed food
items.
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2 RECOMMENDATIONS
We recommend that the parallel-to-shore abalone transects be
discontinued as the study design probably contributed to the
variability of the data.
We recommend that the 30_m 2 subtidal quadrat fish study be
discontinued as it was based on chance observations made during the,
collection of other data.
We recommend all other studies be continued. To insure
comparability of data collected during the plant operation phase, to
these data, no study designs should be altered.
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3 INTRODUCTION
This is the 26th and final report on the California Department of
Fish and Game's pre-operational baseline studies of selected
nearshore marine biota at Pacific Gas and Electric Company's Diablo
Canyon Power Plant site (Figure 3-1). It contains statistical
analyses of data collected between 1979 and 1982, inclusively. The
first report (Burge and Schultz 1973), covering the years 1970 and
1971, was designed to establish abundances of abalones and bony
fishes in Diablo Cove and vicinity. The second through 24th reports
are quarterly and annual reports (Gotshall, Laurent, and Ebert, 1973,
1974; Gotshall, Laurent, Wendell, and Ebert 1974; Gotshall, Laurent;
and Wendell 1974, 1975a, 1975b, 1976a, 1976b, 1976c, 1976d, 1977a,
1977b, 1977c, 1978; Gotshall, Laurent, Ebert, Wendell and Farrens
1974; Gotshall and Laurent 1978; Gotshall, Laurent, and Grant, 1978a,
1978b, 1979a, 1979b, 1979c, 1979d; Laurent, Gotshall, Owen, and
Vaughan 1982). They are, for the most part, progress reports
containing a little or no statistical analyses. The 25th report
(Gotshall, Laurent, Owen, Grant, and Law 1984) contains statistical
analyses of data collected between 1973 and 1978, inclusively.
After the Burge and Schultz (1973) study, the Department of Fish
and Game (DFG) was to conduct more detailed studies at Diablo Canyon
in two phases: the plant pre-operational phase and the plant
operational phase. The objectives of the pre-operational phase were.
to establish a baseline on selected, nearshore plants and animals,
detect changes in the relative abundance of these organisms over
time, and when possible, determine cause to changes found. The
objectives of the operational phase were to monitor for changes in
the pre-operational baseline and determine cause, when possible, to
changes found.
1
However, in October 1982, the DFG announced that it would not
seek to renew its contract with Pacific Gas and Electric Company, and
would terminate its studies at Diablo Canyon with the expiration of
the current contract on June 30, 1983. Field work terminated in
November 1982, and laboratory work was completed in February 1983.
During the period January 1, 1979 through June 30, 1983, twenty-
five individuals expended 6,826 man-days of effort on project studies
(Appendix).
The study area is described by Burge and Schultz (1973). In
Gotshall et a1. 's (1984) report, the history of the DFG's involvement
at Diablo Canyon, as well as natural and human impacts on marine life
in the study area (Figure 3-2) and vicinity are discussed.
2
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4 METHODS AND PROJECT OPERATIONS
Generally the methods described in the report concerning the 1913
to 1978 study period (Gotshall, et al. 1984) were followed during the
period covered by this report. Exceptions are detailed in the
various study sections.
Measurements are given in metric units except for tidal heights
and water depths which are given in feet because these measurements
are listed on tide tables and read from depth guages and fathometers
in feet.
The null hypotheses tested during this study period for each
study varied somewhat but were included in the three listed below:
1. Ho: There were no differences in abundance (counts, biomass,
percent cover) of each species or species group between
depths (Xdepth 1 = Xdepth 2 = Xdepth 3 . at P i 0.05,
where X is the mean count, weight, or percent cover per
0.25-m 2, 30-m 2 quadrat or 3.14-m 2 baited station).
2. Ho: There were no differences in counts, biomass, or percent
cover for each species or species group betweeen study
areas (Xarea 1 = Xarea 2 = Xarea 3 ... at P i 0.05,
where X is the mean count, weight, or percent cover per
0.25-m 2, 30_m 2 quadrat or 3.14-m 2 baited station).
3. Ho: There were no differences in counts, biomass, or percent
cover for each species or species group between sampling
periods (i.e. years, seasons) (Xperiod 1 = Xperiod 2 =
Xperiod 3 ... at P ~ 0.05, where X is the mean count,
2 2
weight, or percent cover per O.25-m , 30-m quadrat or
3.14-m 2 baited station).
5
4 PROJECT OPERATIONS
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5 INTERTIDAL STUDIES
5.1 Random Surveys
These surveys were conducted between Diablo Point and North
Control (Figure 5-1).
5.1.1 0.25-m 2 Quadrats
5.1.1.1 Biomass of Soft Red and Green Algae (by
B. B. Hatfield)
The primary objective of this study was to compare the total
biomass (dry weights) of all soft red and green algae combined and
also the biomass of eight selected red alga species/species
complexes from intertidal 0.25-m 2 quadrats among sampling periods
(fall-winter and spring-summer) and among study areas.
5.1.1.1.1 Materials and Methods
The locations of the intertidal study areas (Figure 5-1), and
the materials and methods used in locating and surveying random
intertidal 0.25-m 2 quadrats remained the same as those covering the
years 1973 through 1978 (Gotshall et al. 1984), with the following
minor exceptions. Beginning with the fall-winter 1980-1981 sampling
period at DP and NC, and the spring-summer 1981 sampling period at
SOC and NDC, a surveying transit and stadia were used to measure
more accurate quadrat elevations. Starting in 1980 alga samples
were frozen for later processing instead of being preserved in a
formalin solution. Beginning in 1980 samples were weighed using a
Mettler balance in place of a triple beam balance.
For the same reasons given in the report covering the years 1973
through 1978 (Gotshall et al. 1984), several complexes comprised of
two or more species of algae were used in the data analysis. In
addition to using several of the same groups comprised of congeneric
species, in this study all species of Botryoglossum, Cryptopleura
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and Hymenena found in our study areas were combined into one complex
for analysis. This group of algae will hereafter be referred to as
the Botryoglossum complex. This report utilized eight species or
groups of algae that were common to all of the study areas for
statistical analyses (Table 5-1). Algae were identified using
Abbott and Hollenberg (1976).
As reported by Gotshall et al. (1984), intertidal sampling of
the O. 25-m 2 quadrats was conducted twi ce a year: once duri ng the
minus tides of fall-winter and again during the low tides of spring-
summer. Six sampling periods were included in this three year
report. This study was set up to survey 12, 36, 36, and 40, 0.25-m2
quadrats during each sampling period at OP, SOC, NDC and NC
respectively. Sample sizes that vary from this are noted in the
results section.
The nonparametric Kruskal-Wallis test was used to test for
significant changes in soft alga abundance over time at each study
area and among study areas for all sampling periods combined. The
Dunn's multiple comparison procedure (Hollander and Wolfe 1973) was
used to find significant differences (at an experimentwise error
rate of 0.1) between each possible sampling period pair and each
study area pair. For the purpose of this study, significant
differences in algal biomass between sampling periods of different
seasons i.e., spring-summer versus fall-winter, are defined as
seasonal changes. Significant differences in biomass between
sampling periods of the same season e.g., fall-winter 1979-1980
versus fall-winter 1981-1982, are referred to as between-years or
year-to-year differences. A trend is defined as an increase or
decrease in abundance in each of three consecutive fall-winter or
spring-summer sampling period means, with at least one of the
between years changes being significant.
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In this study abundance and biomass are synonomous and refer to
2
mean dry weight of algae in grams per 0.25-m quadrat.
5.1.1.1.2 Results
During the period covered in this report field work for each
fall-winter sampling period was conducted between October and
February. Spring-summer sampling was performed each year between
February and July.
Most quadrats sampled were located between -0.9 and 1.0 foot
tide levels, although both north Diablo Cove and North Control had a
higher proportion of quadrats sampled between -1.9 and -1.0 foot
tide levels than either Diablo Point or south Diablo Cove (Table 5-2).
Estimated substrate percentages of boulder and bedrock combined
made up over 88% of the total substrate at each of the four study
areas. Bedrock, the most favorable substrate type for algae, ranged
from a combined sampling period mean of 97.8% at Diablo Point to
58.0% at north Diablo Cove (Table 5-3).
5.1.1.1.2.1 Diablo Point
Total soft red and green alga biomass varied significantly over :
time at Diablo Point (Table 5-4). However, this variation proved to
be seasonal and not between years. All nine of the possible
seasonal sampling pair combinations of total alga biomass were
determined to be significantly different at Diablo Point, while no
significant year-to-year changes were found (Table 5-5). The mean
biomass value of every spring-summer sampling period was at least
three times greater than each fall-winter sampling period mean
(Figure 5-2). An increasing trend in combined soft red and green
alga abundance was observed.
Forty-four species of soft red and green algae were identified
at Diablo Point during the six intertidal sampling periods. Six of
most abundant found at Diablo Point (Table 5-6). Five of these
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comprised more than one percent each of the total soft red and green
alga biomass, and together made up 87.3% of the total soft red and
green alga biomass.
Six of the selected species/species complexes exhibited
significant change in abundance over time at Diablo Point. Only
Gigartina papillata and Gastroclonium coulteri did not vary in
abundance over time (Table 5-4; Figures 5-3 through 5-10). Twenty-
three of the possible 120 sampling period pair combinations (15
combinations for each of the eight species/species complexes
analyzed) were shown to differ significantly. Only one of the 23
was a difference between years: the very high fall-winter 1979-1980
sample mean of Prionitis lanceolata was significantly different from
the fall-winter 1981-1982 mean (Table 5-5). The Botryoglossum
complex, which was the most abundant soft red alga species complex
at Diablo Point, exhibited significant seasonal change between seven
of the nine possible seasonal pair combinations (Table 5-5). Only
Prionitis lanceolata exhibited a decreasing trend in abundance.
5.1.1.1.2.2 South Diablo Cove
Changes in total biomass of soft red and green algae were shown
to be significant over time (Table 5-4). Seven of the 15 sampling
period pair combinations differed significantly from each other.
Four of these were seasonal differences, while three were between
sampling periods of the same season, indicating year-to-year
variation. The high spring-summer 1980 alga abundance was
significantly different from five other sampling periods, including
two other spring-summer periods (Table 5-7). A downward trend in
total biomass at south Diablo Cove was observed during the period
covered in this report. This trend was emphasized by having three
significant decreases in abundance between years (Table 5-7; Figure 5-11).
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Seventy-four species of soft red and green algae were identified
at south Diablo Cove. The eight species/species complexes that were
analyzed were also the eight most abundant. Together they comprised
84.3% of the total sampled biomass for the six sampling periods
combined (Table 5-8). When subjected to the Kruskal-Wallis test,
all eight were shown to change significantly in abundance over time
(Table 5-4; Figures 5-3 through 5-10). Three of the species/
species complexes differed in abundance on a seasonal basis only.
Five species/species complexes did not demonstrate any significant
change between years. Three showed both seasonal and year-to-year
changes, including one with a "reverse" seasonal variation in which
a fall-winter abundance was significantly greater than the biomass
of one of its spring-summer periods. Dunn's multiple comparison
test did not identify any significant pairwise differences for the
remaining two species/species complexes (Table 5-7).
For the eight species/species complexes, 24 of the possible 120
pairwise sampling period comparisons evidenced significant
differences in abundance, with seven of these being year-to-year
changes (Table 5-7).
The downward trend in the total soft red and green alga biomass
was reflected in three of the selected species/species complexes.
5.1.1.1.2.3 North Diablo Cove
Soft algae abundance at north Diablo Cove changed significantly
over time (Table 5-4). Although the sample mean of each spring-
summer sampling period was greater than every fall-winter period,
only three of the nine possible seasonal pair combinations were
significantly different from each other. No significant differences
between years were detected by comparing spring-summer sampling
periods. The one between-years difference was a result of the low
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fall-winter 1980-1981 sampling period mean (Table 5-9; Figure 5-12).
Total biomass among sampling periods at north Diablo Cove also
exhibited a downward trend.
We identified 63 species of soft red and green algae at north
Diablo Cove from the sampled quadrats during the period covered in
this report. Of the eight selected species/species complexes
analyzed statistically, seven were the most abundant found at this
study area. Combined, these seven comprised 91.9% of the total
biomass (Table 5-10).
Seven of the selected species/species complexes varied
significantly in abundance through time (Table 5-4; Figures 5-3
through 5-10). Of these, six exhibited temporal stability on a
year-to-year basis when sring-summer periods were compared. Three
species also had at least one "reverse" seasonal change in abundance
(Table 5-9). One of these, Prionitis lanceolata, was the most
abundant species/species complex found at north Diablo Cove. It was
also the only one to exhibit a downward trend in abundance.
Of the possible 72 seasonal and 48 year-to-year sampling period
pair combinations for all selected species/species complexes, 22
seasonal and nine year-to-year combinations were found to differ
significantly. Only two of the significant year-to-year differences
were between spring-summer sampling period abundances (Table 5-9).
5.1.1.1.2.4 North Control
The abundance of soft alga biomass at North Control changed
significantly over time (Table 5-4). However, the biomasses of only
three of the 15 sampling period pair combinations were significantly
different from each other. Two of these were seasonal; and one
demonstrated year-to-year variation between fall- winter sampling
periods. No significant difference in total soft alga biomass was
detected among spring-summer sampling periods (Table 5-11).
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All spring-summer sample mean weights were greater than fall-
winter means and no trends in alga abundance at North Control were
observed (Figure 5-13).
We identified 68 species of soft algae at this study area. The
eight selected species/species complexes analyzed were among the ten
most abundant and made up 88% of the total biomass for all sampling
periods combined, and included those comprising over one percent of
the total biomass (Table 5-12).
Significant variation in abundance over time was observed in six
of the key taxa (Table 5-4; Figures 5-3 through 5-10). Four
exhibited both seasonal and year-to-year changes in abundance. Two
of these also demonstrated seasonal changes in which the biomass of
a fall-winter sampling period was greater than two separate spring-
summer periods. Seven of the selected species/species complexes did
not show any difference among spring-summer biomass values (Table
5-11). Overall, only nine of the possible 72 seasonal sampling
period combinations and six of the possible 48 year-to-year
sampling period combinations differed significantly. No trends in
abundance were observed for any of the key taxa.
5.1.1.1.2.5 Comparison of Study Areas
The Kruskal-Wallis test detected a significant difference in
total soft alga biomass among the four study areas for all sampling
periods combined (Table 5-13). A significant difference was found
between all areas with the exception of south Diablo Cove and North
Control (Table 5-14 and Figure 5-14). This analysis demonstrated
that Diablo Point had the most soft red and green algae of the four
study areas.
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The plant communities were dominated by a small number of algal
species in each of the study areas. Over half of the total biomass
in each area was made up of the same four species/species complexes.
However, the dominant species differed in relative abundance among
these areas (Figures 5-15 through 5-18).
The results of the Kruskal-Wallis test and Dunn's multiple
comparison test demonstrated the heterogeneity in abundance of all
selected species/species complexes among the study locations (Table
5-13 and 5-14). Most of the key taxa exhibited a significant
difference between five of the six study area pairs. They ranged
from Gigartina papillata which showed a significant difference
between only Diablo Point and south Diablo Cove, to Microcladia
coulteri, which had significantly different abundances in each of
the study areas. However, four of the eight selected species/
species complexes were not significantly different in abundance
between south and north Diablo Cove, and three exhibited no
difference between south Diablo Cove and North Control (Table 5-14).
5.1.1.1.3 Discussion
Many of the results in the report covering the years 1973
through 1978 (Gotshall et al. 1984), are consistent with the results
in this report. Both studies found Diablo Point to be the most
productive of the four areas in terms of soft red and green alga
biomass. Also, a similarity in species composition over time
becomes evident when comparing the relative abundance of algae
between the two three-year studies. Although the percent
composition of the total biomass of individual dominant taxa
differed between the two studies, the s~me ones remained the most
abundant. In each study area, all species/species complexes that
made up at least five percent of the total biomass for the period
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covered in this report, comprised at least one percent of the total
biomass from 1973 through 1978 (Gotshall et al. 1984). Conversely,
those that comprised five percent in the latter period, made up at
least one percent of the total biomass in the period covering this
report. Other comparisons reveal some long-term variations that
were not detected from 1973 through 1978 (Gotshall et al. 1984) nor
in the period covered in this report. Five selected species/species
complexes did not change significantly in abundance from 1979
through 1982. From 1973 through 1978 (Gotshall et al. 1984), two of
the same species/species complexes did vary significantly over time
at the same study area. Of the six selected taxa that did not vary
in abundance from 1973 through 1978 (Gotshall et al. 1984), four
differed significantly in abundance during the period covered in
this report.
The results of this report and those of Gotshall et al.'s
(1984), did verify that changes in soft alga biomass over time
occurred and that most of the variation was seasonal, with total
soft algae being more abundant during the spring-summer sampling
periods. The results of both reports also indicated that, except at
south Diablo Cove, significant differences in biomass between years
were not common. The majority of these year-to-year differences
occurred between fall-winter sampling periods. This might be
related to physical disturbances caused by wave action, which are
more pronounced and more frequent in fall and winter, and occur at
different times in relation to field sampling.
Alga biomass among spring-summer sampling periods proved more
stable. Excluding south Diablo Cove, no significant differences
were found between the total soft alga biomass of spring-summer
sampling periods at each study area during either the period covered
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by our report or in that by Gotshall et al. (1984). The distinction
between seasonal and year-to-year differences in abundance for
individual species/species complexes was not made in the report by
Gotshall et ale (1984), but our analyses show the majority of
selected taxa also did not vary significantly between spring-summer
sampling periods.
The area that is expected to be affected most by the heated
water discharge, south Diablo Cove, has demonstrated the least
amount of stability over time. However, no significant difference
in total soft alga biomass was detected between south Diablo Cove
and North Control from 1973 through 1978 (Gotshall et ale 1984) nor
from 1979 through 1982. In addition, the abundance of three of
eight selected taxa were shown by our analyses to be comparable
between these two study areas.
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5.1.1.2 Percent Cover of Articulated Coralline Red Algae
The objectives of this study were to test the stability over
time of articulated coralline alga cover at each study area, and to
see if all study areas supported similar algal amounts.
5.1.1.2.1 Materials and Methods
Materials and methods remained consistent with Gotshall et ale
(1984), except for the statistical analysis. Briefly, a visual
estimate of the percent cover of al) articulated coralline alga
species was made for each O.25-m2 quadrat sampled at the four study
areas (Figure 5-1).
The Kruskal-Wallis test was then used to determine if significant
differences (P ~ 0.05) in articulated coralline alga cover occurred
over time at each area, and to determine if the study areas were
significantly different in cover when data from all sampling periods
were combined. Dunn's multiple comparison procedure (Hollander and
Wolfe 1973) was used to detect differences, at an experimentwise
error rate of 0.1, between sampling period pairs and study area
pairs.
No attempt was made to distinguish the various species of
articulated coralline algae. Most, if not all, of this group in the
Diablo Canyon area is comprised of species of Calliarthron,
Bossiella, and Corallina.
In this report a seasonal change refers to a significant
difference in percent cover between a fall-winter sampling period and
a spring-summer sampling period. A year-to-year or among years
change defines a significant change in articulated coralline cover
between sampling periods of the same season.
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5.1.1.2.2 Results
Due to the sampling design the tide heights and substrate
composition of the quadrats, and the sample size were the same as
those reported in Section 5.1.1.1.
Each of the four study areas exhibited significant differences in
articulated coralline algal cover over time (Table 5-15 and Figure 5-19).
The number of significant differences between sampling period pairs
ranged from one at both Diablo Point and North Control to five at
south Diablo Cove. Each of the six seasonal differences documented
(four at south Diablo Cove, two at north Diablo Cove) demonstrated
greater cover during the fall- winter sampling periods. Only one of
the six possible between-years difference was found at each of the
study areas (Table 5-16).
A significant difference «0.0005) in coralline algal cover among
study areas was also documented. Diab~o Point had the most cover,
followed by north Diablo Cove (Figure 5-20). When analyzed with
Dunn's multiple comparison test, only south Diablo Cove and North
Control were found not to differ significantly in percent cover of
articulated coralline red algae.
5.1.1.2.3 Discussion
The seasonal variation in coralline algal cover at south and
north Diablo Cove might be related to the movement of sand. More
sand was present in these areas than in the North Control or Diablo
Point study areas. The relatively high coralline alga cover at
Diablo Point is most certainly related to the greater exposure of
that location.
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The report covering the years 1973 through 1978 (Gotshall et al.
1984) found all study areas to differ significantly from each other
in coralline alga cover, although south Diablo Cove and North Control
were the most alike. With the exception of north Diablo Cove, year-
to-year changes in coralline red algal cover were also uncommon from
1973 through 1978 (Gotshall et al. 1984).
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5.1.1.3 Percent Surfgrass Cover
The purpose of this surfgrass study was to test for temporal
stability at each study area and for comparability of surfgrass cover
among study areas.
5.1.1.3.1 Materials and Methods
Materials and methods, including study locations (Figure 5-1),
remained consistent with Gotshall et al. (1984), except for the
statistical~nalysis. The statistical tests performed on surfgrass
cover were identical to those performed on articulated coralline alga
cover, Section 5.1.1.2.1. The terms seasonal change and year-to-year
change are defined as they were in that section.
Surfgrass refers to the two species of the vascular plant
Phyllospadix found in the Diablo Canyon area: P. scouleri and
~ torreyi.
5.1.1.3.2 Results
. Tide heights and substrate composition of the sampled quadrats,
and survey periods were the same as those reported in the intertidal
soft red and green alga study, Section 5.1.1.1.
Surfgrass was not found at Diablo Point during any of the
sampling periods. At the other three study areas the Kruskal-Wallis
test found a significant difference «0.0005) among the sampling
periods. Each of these areas exhibited both seasonal and year-to-
year changes in surfgrass cover. The spring-summer surfgrass cover
was greater than the fall-winter cover for each seasonal change
identified (Table 5-17 and Figure 5-21).
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A significant difference «0.0005) in percent surfgrass cover was
also detected among study areas (Figure 5-22). Dunn's multiple
comparison test showed, for all sampling periods combined, that each
area pair conbination differed significantly in cover, except for
south Diablo Cove and North Control.
5.1.1.3.3 Discussion
Phyllospadix spp. thrive in the surf zone along exposed and
semi-exposed rocky coastline in areas where sand or fine gravel is
found. Because of substrate requirements, these flowering plants are
absent from the Diablo Point area. Steep nearshore relief and high
wave energy prohibit sand and gravel from accumulating at this study
area. It is less apparent why differences in surfgrass cover exist
between south and north Diablo Cove, and between north Diablo Cove
and North Control. For all sampling periods combined, north Diablo
Cove quadrats had an intermediate amount of sand and gravel (4.5%) in
comparison to south Diablo Cove (6.3%) and North Control (2.6%), but
had significantly less surfgrass cover than either of these areas.
This relationship was also reported by Gotshall et al. (1984).
In contrast to our findings, this earlier report found the
surfgrass cover at both south Diablo Cove and North Control to be
stable over time and that all study areas differed significantly from
each other.
Considering the large number of significant changes detected and
the lack of patterns in these changes of surfgrass cover over time
and between areas, we question the value of this index as a possible
indicator of change in the future.
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5.1.1.4 Invertebrates (by D. L. Vaughan)
The objectives of this study were to compare densities of key
invertebrates over time and among study areas; and, for some, to
determine their size frequency distributions.
5.1.1.4.1 Material and Methods
Study areas were Diablo Point, south Diablo Cove, north Diablo
Cove, and North Control (Figure 5-1). Sampling periods were the same
as described in Section 5.1.1.1.1. Materials and methods were
consistent with the report covering the years 1973 through 1978
(Gotshall et al. 1984) with the following exceptions. Beginning in
thee fall of 1979 a transit and stadia were used to obtain accurate
quadrat elevations in the more recent sampling periods. The list of
key invertebrates was extended to include Epiactis prolifera because
of its notable abundance. Strongylocentrotus purpuratus was not
individually analyzed, instead it was combined with S. franciscanus
to form the Strongylocentrotus spp. complex because of taxonomic
difficulties in distinguishing between juveniles of these species.
The limpet complex referred to as Acmaea spp, has been renamed
Acmaeidae because the commonly accepted systematics of this family
have changed (Lindberg 1981). This, complex consists of all species
encountered belonging to the genera Acmaea, Collisella, and
Notoacmaea. Therefore, a total of 13 separate invertebrate groups
were analyzed in this report, consisting of one family, two genera,
nine species, and one complex of two species (Table 5-18).
Our statistical analyses were also different than in the report
covering the years 1973 through 1979 (Gotshall et al. 1984). In this
report, the Kruskal-Wallis test was used to test the null hypothe~es
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that all mean densities (no.10.25-m 2) of key invertebrates were equal
among sampling periods and study areas at P~ 0.05. Study areas were
compared with densities from all sampling periods combined. For any
sampling period or study area comparison found significant, a Dunn's
multiple comparison test (Hollander and Wolfe 1973) was conducted at
an experimentwise error rate of 0.1 to determine significantly
different pairs. Seasonality was defined to occur if all fall-wint~r
densities were significantly higher or lower than those of spring-
summer periods.
Trends for the purpose of results and discussion refer to
graphical analyses of densities among sampling periods. No trend was
reported when there was no discernible pattern in the variability of
densities.
5.1.1.4.2 Results
Mean quadrat elevations sampled and the percent of various
substrates encountered in quadrats have been listed under Section
5.1.1.1.2 (Tables 5-2 and 5-3).
5.1.1.4.2.1 Diablo Point
Significant differences among sampling periods were detected for
three of the thirteen key invertebrates (Table 5-19). No definite
seasonality was statistically found; however, spring-summer densities
of Henricia leviuscula were significantly different for three of the
seasonal pair comparisons (Table 5-20). In addition, densities for
~. leviuscula were greater during spring-summer periods than those
encountered in the fall-winter (Figure 5-23). Pugettia product a also
had greater spring-summmer densities (Figure 5-24). Declining trends
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were observed for Epiactis prolifera, Fissurella volcano, and Tegula
funebralis (Figures 5-25 through 5-27). No apparent trends were
evident for the remaining invertebrates (Figures 5-28 through 5-35).
All key invertebrates measured had distributions with modes of 10
to 14 mm and were skewed to the right except Fissurella volcano, with
a mode of 20 to 24 mm, and Tonicella lineata, with a mode of 15 to
19 mm (Figures 5-36 through 5-42).
5.1.1.4.2.2 South Diablo Cove
There were significant differences among sampling periods for six
of the twelve key invertebrates (Table 5-19); none of which showed
significant seasonality (Table 5-21). Densities for all key
invertebrates varied among sampling periods with no apparent trends
(Figures 5-43 through 5-54).
All key invertebrates measured had distributions with modes of 10
to 14 mm and were skewed to the right except Fissurella volcano, with
a mode of 15 to 19 mm, and Tonicella lineata, with modes of 10 to 14
mm and 15 to 20 mm (Figures 5-36 through 5-42).
5.1.1.4.2.3 North Diablo Cove
There were significant differences among sampling periods for
seven of the twelve key invertebrates (Table 5-19); none of which
showed significant seasonality (Table 5-22). However, fall-winter
densities of Leptasterius spp. were greater than those in spring-
summer periods (Figure 5-55). A declining trend was observed for
Tegula funebralis (Figure 5-56). No apparent trends were evident for
the remaining invertebrates (Figures 5-57 through 5-66).
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Discussion
All key invertebrates measured had distributions with modes of 10
to 14 mm and were skewed to the right except Tonicella lineata, with
modes of 25 to 29 mm and 30 to 34 mm (Figures 5-36 through 5-42).
5.1.1.4.2.4 North Control
There were significant differences among sampling periods for 9
of the 12 key invertebrates (Table 5-19); none of which showed
significant seasonality (Table 5-23). However, spring-summer
densities were greater for Pugettia producta than those in fall-
winter periods (Figure 5-67). No apparent trends were evident for
the remaining invertebrates (Figures 5-68 through 5-78).
All key invertebrates measured had distributions with modes of 10
to 14 mm and were skewed to the right except Henricia leviuscula and
Tonicella lineata, both had modes from 20 to 24 mm (Figures 5-36
through 5-42).
5.1.1.4.2.5 Comparison of Study Areas
The densities of all key invertebrates varied among study areas
for combjned sampling periods (Figures 5-79 through 5-90).
Significant differences among areas were detected for 10 of the 12
invertebrates (Table 5-24). Dunn1s multiple comparison test detected
significant differences for six of these ten invertebrates, each
showing differences for two or more study area pair conbinations
(Table 5-25).
5.1.1.4.3
Our finding of significant differences for over half of the key
invertebrates populations compared over time indicates that community
structure within our study areas was dynamic. Although we did not
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test for causes of population change, several intertidal invertebrate
studies have determined that physical perturbations, such as wave
shock and desiccation, prevent climax communities, and for the most
part, community structure is in a perpetual state of succession
(Dayton 1971, Harger and Landenberger, Levin and Paine 1974, Paine
and Levin 1981). Therefore, the traditional ecological concepts of
community or population equilibrium probably have little meaning when
referring to most of the intertidal invertebrates.
Should major population changes occur they probably will be
detected if this survey is continued during the operational phase,
even though populations were variable in our pre-operational phase of
sampling. Our statistical tests will detect change if the
variability of densities within each of the pre-operational and
operational phases is less than the variability between these phases.
If this study is continued, the key invertebrate list should be
extended to include: Balanomorpha (symmmetrical, sessile barnacle
complex); Corynactis californica (strawberry anemone), Lacuna spp.
(chink snail), Clavelina huntsmani (light-bulb tunicate), Pagurus
spp. (hermit crab), and Pista elongata (tube worm). For the most
part, these invertebrates were too abundant to count in our quadrats
and only presence-absence data was collected. Consequently,
statistical analysis will require tests which utilize nominal data.
However, since these groups were consistently common during our pre-
operational survey, they will probably serve as good indicator
species for monitoring change should it occur in the operational
phase of this study.
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5.1.2 Perpendicular-to-Shore Abalone Transects (by D. L. Vaughan)
The objective of this study was to compare densities of Haliotis
cracherodii (black abalone) and ~' rufescens (red abalone)
encountered in perpendicular-to-shore abalone transects among
sampling periods and study areas.
5.1.2.1 Materials and Methods
Sampling periods were the same as those described in Section
5.1.1.1.1. Study areas were south Diablo Cove, north Diablo Cove,
and North Control (Figure 5-1). Materials and methods were the same
as those described in Gotshall et al. (1984) except for the
statistical analyses.
In this report the nonparametric Kruskal-Wallis test was used to
test the null hypotheses that all mean densities (no./m2 ) of ~'
cracherodii and~. rufescens were equal among sampling periods and
study areas at P < 0.05. Study areas were compared with densities
from all sampling periods combined. For any comparison found
significant, a Dunn1s multiple comparison test (Hollander and Wolfe
1973) was conducted at an experimentwise error rate of 0.1 to
determine paired densities which were significantly different.
Trends for the purpose of results and discussion refer to
graphical analyses of densities among sampling periods. No trend was
reported when there was no discernible pattern in the variability of
densities.
5.1.2.2 Results
No significant differences among sampling periods were found for
densities of either H. cracherodii or H. rufescens at any study area
(Table 5-26). At North Control, all fall-winter densities of
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~. cracherodii were higher than those of spring-summer periods; no
other trends were evident at other study areas (Figures 5-91 and 5-92).
Densities varied for both Haliotis species among study areas
(Figures 5-93 and 5-94); however, statistically significant
differences were only found for ~. cracherodii. P values were less
than 0.0005 for H. cracherodii and 0.104 for H. rufescens. For
~. cracherodii, Dunn's multiple comparison test showed that the
density at north Diablo Cove was significantly higher than that at
either south Diablo Cove and North Control; and the density at North
Control was significantly higher than that encountered at south
Diablo Cove.
5.1.2.3 Discussion
Significant differences in densities of H. cracherodii among
study areas were probably due to more favorable habitat in the higher
density areas. North Diablo Cove has more large boulders than the
other areas which form cryptic shelter, while south Diablo Cove has
more sand, benchrock, and small rocks creating a more exposed
environment.
If the power plant becomes operational, this survey's entire pre-
operational data set collected since 1974 should be used for
statistical comparisons with operational data.
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5.2 Parallel-to-Shore Abalone Transects (By D. L. Vaughan)
The objectives of this study were to compare densities of
Haliotis cracherodii (black abalone) and H. rufescens (red abalone)
encountered in our parallel-to-shore abalone transect survey among
sampling periods and study areas.
5.2.1 Materials and Methods
Sampling periods were the same as those described in Section
5.1.1.1.1. Study areas were Diablo Point, south Diablo Cove, north
Diablo Cove, and North Control (Figure 5-1). Materials and methods
were the same as those described in Gotshall et al. (1984) except for
the statistical analyses. Briefly, our methods consisted of laying
out contiguous, 30-m2 transect lines parallel to the shore in each
study area during minus tides and counting all abalones encountered
one meter to either side of each line. Each transect represented a
station. An attempt was made to lay each station line in the same
place throughout all sampling periods; however, staff turnovers,
changes in intertidal topography caused by storms, and varying tide
levels prevented this consistency. Therefore, this sampling design
was neither permanent nor random.
The statistical analyses were the same as described in Section
5.1.2.1.
5.2.2 Results
Mean densities at each study area varied among sampling periods
(Figures 5-95 and 5-96); however, significant differences were only
found for H. cracherodii at north Diablo Cove and H. rufescens at
Diablo Point (Table 5-27). Dunn's multiple comparison test found: 1)
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for ~. cracherodii at north Diablo Cove, the density during
fall-winter 1979-1980 sampling period was significantly higher than
those of spring-summer 1981, fall-winter 1981-1982, and spring-summer
1982 periods; and 2) for ~. rufescens at Diablo Point, none of the
sampling period, pair combinations had significantly different.
densities.
Mean densities among study areas also varied (Figures 5-97 and
5-98) and significant differences were found for both H. cracherodii
and~. rufescens; P values were less than 0.0005 and 0.001,
respectively. Dunn's multiple comparison test found: 1) for ~.
cracherodii, the mean density at south Diablo Cove was significantly
lower than those at any other study area, and the mean density at
Diablo Point was significantly higher than at North Control; and 2)
for H. rufescens, the mean density at north Diablo Cove was
significantly higher than those at any other study area.
5.2.3 Discussion
The variability in our counts among sampling periods may reflect
changes in the actual abalone populations caused by biological
factors such as recruitment, migration, and sea otter foraging as
well as physical factors such as storms and water temperature
fluctuations. However, it is impossible to determine whether
variable counts reflect actual changes in abalone populations or
whether the variability was due to an inconsistency in sampling
procedure. Since these stations were not completely fixed throughout
all sampling periods and since abalones clump together in crevices,
caves, and other cryptic habitat, small differences in line layout
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may have produced large variability in densities encountered. In
addition since stations were not random, our counts cannot be
considered as representative samples over a range of tide heights and
topography. It is therefore recommended that this survey be
discontinued.
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5.3 Permanent Abalone Transects (By D. L. Vaughan)
The objective of this study was to report densities of Haliotis
cracherodii (black abalone) and ~. rufescens (red abalone)
encountered in our permanent abalone transects.
5.3.1 Materials and Methods
Haliotis cracherodii and H. rufescens were surveyed at permanent
intertidal stations throughout eight sampling periods from January
1979 to April 1982. Stations are located in Diablo Cove and adjacent
areas (Figure 5-99). Generally surveys were conducted twice yearly,
once in a fall-winter period and once within a spring-summer period.
However, no sampling was conducted during the fall-winter 1979-1980
period, and all stations were surveyed twice during the spring-summer
1980 period.
Station P-2, located on the outside of a small bight close to the
point of south Diablo Cove, was re-e~tablished during the October-
December 1980 sampling period after not being surveyed since 1978.
The new station is not in the exact position as previously; however,
the past and present survey areas overlap.
General locations of all other stations have always been the
same; however, transect lengths and respective areas surveyed at most
stations varied throughout sampling periods until fall 1980. At the
beginning of the October-December 1980 sampling period, transect
lengths were exactly defined and areas surveyed were consistent for
all following periods (Table 5-28). Abalones at Station P-2 were
surveyed two meters to each side of an eight meter transect; at all
other stations, they were surveyed one meter to each side of their
respective transects. All abalones seen at stations as well as those
which could be felt in concealed places were counted.
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5.3.2
5.3.2.1
Results
South Diablo Cove
H. cracherodii densities were consistently lower at Station 3-A
than at any other station, ranging from 0.15 to 0.50/m 2. Those at
Station 3-6 ranged from 0.52 to 1.00/m2. Densities encountered at
Station P-2, ranged from 12.00 to 17.88/m2, which represents values
higher than any encountered at the original location; in addition,
three out of four of these densities were greater than those ever
encountered at any other station (Table 5-29).
~. rufescens were absent at 3-A and only rarely encountered
at the other stations, ranging from 0.00 to 0.03/m 2 at 3-8 and 0.00
to 0.06/m2 at P-2 (Table 5-30).
5.3.2.2 North Diablo Cove
H. cracherodii densities ranged from 1.98 to 4.79/m 2 at 2-A. At
2-8 they ranged from 0.59 to 1.70/m2 and there has been a downward
trend since August 1979 (Table 5-29).
~. rufescens were rare at both stations, ranging from 0.00 to
0.04/m2 at 2-A and from 0.00 to 0.07/m2 at 2-8 (Table 5-30).
5.3.2.3 Field's Cove
H. cracherodii densities ranged from 4.50 to 5.60/m 2 at Station
I-A and from 7.15 to 12.70/m2 at I-B. At P-1, they ranged from 0.95
to 3.72/m2 and there has been a downward trend since April 1980
(Table 5-29).
H. rufescens were absent at I-A and 1-8; and they were rare at
P-l ranging from 0.00 to 0.03/m 2 (Table 5-30).
At P-3, H. cracherodii densities ranged from 0.88 to 1.75/m 2 and
H. rufescens were absent (Tables 5-29 and 5-30).
5.3.2.4 Seal Haul-Out
33
5.3.3 Discussion
Ranges covered in this report for densities of both ~. cracherodii
. and~. rufescens overlap with those reported from 1974 to 1978 by
Gotshall et al. (1984) with the exception of black abalone at
Stations P-2 and I-A. Station P-2 was relocated; therefore,
comparisons were not made. At Station I-A, densities were less than
those reported previously.
The variation in abalone densities over time at each station was
probably a result of some or all of the following influences:
biological factors, physical factors, experimental error, and man's
impact. In the pre-operational phase of this study, our system of
sampling was designed to monitor abalone populations at permanent
stations rather than to determine the specific effects leading to
changes in their abundances; therefore, it is difficult to assess the
degree of influence each of the mentioned variables had on observed
abalone densities. However, these variables are discussed below for
the 1979-1982 sampling periods.
A major part of the observed variability in abalone density was
probably caused by biological factors including immigration,
emigration, predation, and recruitment. A short-term tagging study
(Pacific Gas and Electric Company 1980) found movement for
approximately 20% of an intertidal population of tagged tt. cracherodii;
movement ranged from 0.54 to 6.95 m over a 36 hour period. Another
related study demonstrated that this species can naturally move
several meters over time; the greatest movement recorded was 22 m
within 250 days (Pacific Gas and Electric Company 1980). Our banded
transects are from 2 to 4 m wide and surveys are generally conducted
approximately six months apart. It is, therefore, expected that
abalones moved in and out of stations between surveys.
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Sea otters have been observed to occasionally feed on intertidal
abalones in Diablo Cove and adjacent areas (Suzanne V. Benech,
Ecomar, Inc., pers. comm.). Since otters are both diurnal and
nocturnal feeders (Benech 1982a), it is difficult to assess the
effect they had on intertidal, abalone densities without having
conducted an around-the-clock monitoring program. If subtidal prey
become less available, sea otters may forage more frequently in the
intertidal, increasing the importance of an otter monitoring program.
Occasionally, boulders within the intertidal regions of Diablo
Cove and adjacent areas have been moved by large swells, probably
resulting in the destruction and creation of abalone habitat, as well
as the crushing of some abalones.
Station counts could have been affected by the skill of the
observers, tide levels, natural light levels, and the amount of algal
cover. These variables were reduced to a minimum by training
observers to recognize cryptic abalone before beginning counts,
sampling only at low tides when most or all of each station was
exposed, and by using head lamps or flash lights when necessary.
Transect lengths and areas surveyed at most stations were not
firmly established until the October-December 1980 sampling period.
Previously, these lengths sometimes varied between sampling periods
(Table 5-28). Since intertidal abalones have clumped distributions,
this variability may have had considerable effect on the densities
recorded. Therefore, temporal comparisons at each station should be
made considering only densities encountered during those sampling
periods which had the same transect lengths as used during and after
the October-December 1980 period.
Oil spills and abalone harvesting have been observed in the
Diablo Canyon area. Light engine oil was accidentally discharged
into Diablo Cove on April 8, 1982; and a platform barge collapsed at
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the mouth of Intake Cove on October 22 t 1982 t releasing hydraulic
fluid and diesel oil throughout the area. Intertidal surveys in
Diablo Cove conducted after each spill found no abalone mortality
which could be attributed to oil. Harvesting of intertidal abalone
has only been observed once throughout the years of our study and not
directly in any of our permanent stations.
As indicated t the densities recorded at stations were probably
influenced by several variables t and the exact impact each variable
had on measured densities is not known. ConsequentlYt these
variables may complicate analysis in the operational phase of this
study. Isolating thermal effects t should they occur t on abalone
densities from other effects may be difficult.
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TABLE 5-1. Species and Complexes of sof~ Algae Among the Twelve Most
Abundant in Grams Per O.25-m Intertidal Quadrat at Diablo
Point, South Diablo Cove, North Diablo Cove, and North Control
S
Speci es in
Grou * S
Species in
Grou *
Bot~ogZossum complex+
B. farZowianum
B. repreahtianum
Gigartina spp. G. agardhii
G. harveyana
G. Zeptorhynahus
. Cryptop Zeura aoraUinaraJ"
C. ZobuUferat-
C. vioZaaeat
Hymanena auneifoUat
H. fZabe ZUgerat
H. kyUnii:F
H. muZtiZoba-lf
H. setaheUii*
H. smithii*
CaZZophyZZis vioZaaea
ErythrophyZZum deZesserioides
GastroaZonium aouZteri -I-
Ge Zidiwn spp. G. arboresaens
G. purrpurasaens
G. pusiZZwn
G. robustwn
GeZidium aouZteri
G. spinosa
G. volans
Gigartina aanaZiauZata+
Gigartina complex+ G. ao~mbifera
G. exasperata
Gigartina papiZZata+
Iridaea complex+ I. aordata
I. fZaaaida
Iridaea heteroaarpa
Iridaea Uneare
Laurenaia speatabiZis
MiaroaZadia boreaZis
MiaroaZadia aouZteri+
NeoagardhieZZa baiZeyi
Prionitis ZanaeoZata+
Rhodome Za Zarix
*Inclusion of a species in a group does not necessarily imply occurrence of that
species at all study areas.
+Selected taxa
*Included in Bot~ogZossum complex
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TABLE 5-3. Mean Substrate Percentages for Quadrats at Random Intertidal Studies
Diablo Point
Sand Gravel Cobble Boul der
Sampling Period « 1/8 in.) (> 1/8 < 1/2 in.) (> 1/2 < 6 in.) (> 6 in.) Bedrock
Fall-Winter 1979-80 0.0 0.0 0.0 0.0 100.0
Spring-Summer 1980 0.0 0.0 0.0 0.0 100.0
Fall-Winter 1980-81 0.0 0.0 0.0 0.0 100.0
Spring-Summer 1981 0.0 0.0 0.0 0.0 100.0
Fall-Winter 1981-82 0.0 0.0 0.0 0.0 100.0
Spring-Summer 1982 0.0 0.0 0.2 13.3 86.5
w Combined Periods 0.0 0.0 0.1 2.2 97.8I.D
South Diablo Cove
Fall-Winter 1979-80 9.8 0.4 6.3 1.0 82.5
Spring-Summer 1980 4.8 1.1 7.0 19.0 68. 1
Fall-Winter 1980-81 4.4 2.4 5.6 9.4 78.2
Spring-Summer 1981 1.9 1.1 3.0 10.6 83.5
Fall-Winter 1981-82 4.1 0.2 6. 1 8.1 81.5
Spring-Summer 1982 6.6 0.5 4.9 24.8 63.2
Combined Periods 5.3 1.0 5.5 12.2 76.2
TABLE 5-3. (conti nued)
North Diablo Cove
Fall-Winter 1979-80 7.5 0.3 2.7 4.9 84.6
Spring-Summer 1980 1.7 2.0 6.7 41.9 47.7
Fall-Winter 1980-81 1.8 0.8 10.6 25.3 61.5
Spring-Summer 1981 2.2 2.8 5.7 28.1 61.2
Fall-Winter 1981-82 3.1 0.3 3.3 19.6 73.8
Spring-Summer 1982 2.5 2. 1 6.9 69.5 19.0
Combined Periods 3.1 1.4 6.0 31.6 58.0
.;>0 North Control
0
Fall-Winter 1979-80 2.8 0.2 9.7 13.2 74.2
Spring-Summer 1980 3.1 1.1 10.5 42.5 42.9
Fall-Winter 1980-81 1.1 2.3 12.9 9.9 73.8
Spring-Summer 1981 1.1 0.0 0.8 15.5 82.6
Fall-Winter 1981-82 2.2 0.4 2~8 19.2 75.7
Spring-Summer 1982 0.2 0.9 2.3 14.1 82.5
Combined Periods 1.8 0.8 6.5 19.1 72.0
TABLE 5-4. P Values for the Kruskal-Wallis Test on Grams Dry Weight
Per 0.25-m2 Quadrat Among Sampling Periods (Fall-Winter
1979-80 Through Spring-Summer 1982) of Key Intertidal
Algae and All Soft Red and Green Algae Combined
Diablo South Diablo North Diablo North
Species/complex Point Cove Cove Control
BotnyOgt044Uffl complex + * .004* + * .093, ,
Ga..6tnoci.orUum c.ouUvu. .117 + * + * -t,*, ,
G,[gCVL.t-i.na. c.anaLLc.u..ta.ta. .019* + * + * + *, , ,
G,[gaJLtina. complex .001* .008* .205 .005*
G,[gCVL.t-i.na. pa.pm.a.ta. .541 + * + * + *, , ,
ItUda.e.a complex + * + * + * + *, , , ,
MicJtocl.a.cUa. c.ouUvu. + * + * + * .002*, , ,
PtUo~ £.a.n.c.eo.e.a.ta. + * .017* .002* .146,
Key species plus all other
soft algae combined
*Significant at P < 0.05
+p < 0.0005
+ *,
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+ *, + *, .002*
S5 EJ
81 81-82
SS
81
FW' .
80-81
SS
80
SS
80
SS
8080
:-~ r~J HJ
79-80 79-80 79-80
TABLE 5-5. Dunn's Multiple Comparison Test on Grams Dry Weight Per 0.25-m2 Quadrat Between Sampling Periods at Diablo
Point of Six Key Intertidal Algae Species/Complexes and All Soft Red and Green Algae Combined, at an
Experimentwise Error Rate of 0.1. FW and SS Represent Fall-Winter and Spring-Summer Sampling Periods
Respectively
--':_:::".,:",,",-=~-;----=--;-----=:-:---:::-:'---=---=""'"--=-"'"'='=:-----::::-:----=:-:--"'="""":----=----:::-;::----=-~
S5 FW S5 FW SS FW SS FW SS 5S FW SS FW S5 SS
Species/complex 80 80-81 81 81-82 82 80-81 81 81-82 82 81 81-82 82 81-82 82 82
BotryogZossum complex * * * * * * *
Gigartina eanaZieuZata
Gigartina complex
Iridaea complex *
*
* * *
*
*
*
~croeZadia eouZteri * * * * * *
Prionitis ZaneeoZata + *
Key algae plus all
other soft algae combined * * * * * * * * *
*Significant seasonal difference where S5 biomass is greater than FW biomass
+Significant difference between years
~
N
TABLE 5-6. The Twelve Most Abundant S~ft Algae Species/Complexes
Found in Intertidal 0.25-m Quadrats at Diablo Point
for All Sampling Periods Combined (Fall-Winter 1979-80
Through Spring-Summer 1982)
Mean grams* %of total
Species/complex per 0.25-mZ b10mass
Bot~OgZo88um complex 58.7 32.8
IPidaea complex 35.6 19.9
GigaPtina complex 33.7 18.8
PPionitis z'anceol.ata 20.0 11.2
IPidaea UneaPe 11.8 6.6
Mic~cZ,adia couz,tePi 8.2 4.6
ErythrophyZ,Z,um deZ,essePioides 3.0 1.7
GigaPtina spp. 2.2 1.2
GeUdium spp. 1.5 0.9
CaZ,ZophyZ,Z,is vioZ,acea 0.9 0.5
~crocZ,adia boreaZ,is 0.6 0.3
GastrocZ,onium couz,tePi 0.3 0.2
*Dry weight
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TABLE 5-7. Dunn1s Multiple Comparison Test on Grams Dry Weight Per 0.25-m2 Quadrat Between 5amplin8 P~riods at South
Diablo Cove of Key Intertidal Algae SpecieslComplexesand All Soft Kea and Green Algae omDlnea, at an
Experimentwise Error Rate of 0.1. FW and SS Represent Fall-Winter and Spring-Summer Sampling Periods
Respectively
F~ HJ Hi FW Hi <:( 55 55 55 FW Fw FW" --- 5S 55 FJ....
79-80 79-80 79-80 79-80 79-80 80 80 80 80 80-81 80-81 80-81 81 81 81-82
55 FW 55 FW 55 FW 55 FW 5S 55 Ft'J 55 FW 55 555pecjesLcQmQ}ex 80 80-81 81 81-82 82 80-81 81 81-82 82 81 81-82 82 81-82 82 82
BotryogLossum complex * * *
GastrocLonium couLteri
"* * '* * t
Gigartina canaLicutata * * :f * l'
Gigartina complex
Gigartina papiLLata + *
*
*
'*
Iridaea complex * *
Microcladia couUeri * * * *
Prionitis LanceoLata
Key algae plus all
other soft algae combined * :t *
'*
*
*
*
*Significant seasonal difference
+Significant seasonal difference where FW biomass is greater than 55 biomass
*Significant difference between years
~
~
TABLE 5-8. The Twelve Most Abundant Soft Red and Green Algae
Species/Complexes Found in Intertidal 0.25-m2 Quadrats
at South Diablo Cove for All Sampling Periods Combined
(Fall-Winter 1979-80 ~hrough Spring-Summer 1982)
Mean grams* % of total
Specjes/complex per O.25-m2 bjomass
Prionitis lanceolata 10.5 23.8
Iridaea comp1ex 7.9 17.9
Gastpoclonium coultePi 6.6 14.9
Gigartina canaliculata 3.4 7.7
BotPyoglossum complex 3.3 7.6
Gigartina papillata 2.7 6. 1
Gigaptina complex 1.6 3.5
Mic~cladia coulteri 1.3 2.8
Rhodomela laPix 1.0 2.2
Laupencia spectabilis 0.7 1.5
Gigartina spp. 0.5 1.2
Iridaea hetepocarpa 0.4 0.8
*Dry weight
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TABLE 5- 9. Dunn's Multiple Comparison Test on Grams Dry Weight Per 0.25-m2 Quadrat Between Sampling Periods at North
Diablo Cove of Seven Key Intertidal Algae Species/Complexes and All Soft Red and Green Algae combined, at an
Experimentwise Error Rate of 0.1. FW and S5 Represent Fall-Winter and Sorinq-Summer 5amolinq Periods
Respectively
F~ HJ HJ FW HJ 5S SS SS SS FW FW Ft[' SS S5 Fd
79-80 79-80 79-80 79-80 79-80 80 80 80 80 80-81 80-81 80-81 81 81 81-82
5S FW S5 FW SS FW S5 FW SS SS FW S5 FW 55 S5
Speci es/comp1ex 80 80-81 81 81-82 82 80-81 81 81-82 82 81 81-82 82 81-82 82 82
Botryoglossum complex * * ~
GastrocZonium couZteri :f" + * * *
Gigartina canaZicuZata +
"*
+ :f * * *
Gigartina papiZZata *
*
Iridaea comp1ex :t * * * * :f *
Microc Zadia couZteri * * * *
Prionitis ZanceoZata + * .:t
Key algae plus all
other soft algae combined :#: * * *
*Significant seasonal difference
+Significant seasonal difference where FW biomass is greater than SS biomass
*Significant difference between years
~
O'l
TABLE 5-10. The Twelve Most Abundant Soft Red and Green Algae
Species/Complexes Found in Intertidal 0.25-m2 Quadrats
at North Diablo Cove for All Sampling Periods Combined
(Fall-Winter 1979-80 Through Spring-Summer 1982)
Mean grams* %of Total
Species/complex per 0.25-m2 biomass
Prionitis ZanceoZata 13.5 18.5
Gigartina complex 12.3 16.8
Iridaea complex 11.8 16.2
Boty.yogZossum complex 10.8 14.9
GastrocZonium couZteri 9.9 13.6
Gigartina canaZicuZata 4.6 6.4
~crocZadia couZteri 4.0 5.5
GeUdium spp. 0.6 0.8
NeoagardhieZZa baiZeyi 0.5 0.7
CaZZophyZZis vioZacea 0.5 0.6
Gigartina spp. 0.3 0.5
Laurencia spectabiZis 0.3 0.4
*Dry Weight
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TABLE 5-1l. Dunn's Multiple Comparison Test on Grams Dry Weight Per 0.25-m2 Quadrat Between Sampling Periods at North
Control of Six Key Intertidal Algae Species/Complexes and All Soft Red and Green Algae Combined, atan -
Experimentwise Error Rate of 0.1. FW and S5 Represent Fall-Winter and Spring-Summer Sampling Periods
Respectively
CI' HJ HJ BJ HJ c:c: 55 SS S5 FW FW FU' SS 55 F~JI" ~~79-80 79-80 79-80 79-80 79-80 80 80 80 80 80-81 80-81 80-81 81 81 81-82
SS FW SS FW SS FW SS FW SS SS FW SS FW S5 55
Species/complex 80 80-81 81 81-82 82 80-81 81 81-82 82 81 81-82 82 81-82 82 82
GastrocZonium couZteri +
-t- +
Gigartina canaZicuZata :to *
Gigartina complex 4=
Gigartina papiZZata + :t- +
Iridaea complex :I: * t- * *
MicrocZadia couZteri *
Key algae plus all
other soft algae combined :; * *
*Significant seasonal difference
+Significant seasonal difference where FW biomass is greater than 55 biomass
lSignificant difference between years
~
0:>
TABLE 5-12. The Twelve Most Abundant Soft Red and Green ~lgae
Species/Complexes Found in Intertidal 0.25-m Quadrats
at North Control for All Sampling Periods Combined
(Fall-Winter 1979-80 Through Spring-Summer 1982)
Mean grams* %of total
Specjes/complex per O.25-m2 bjomass
Iridaea complex 22.0 50.9
Gigartina complex 4.8 11.0
Prionitis lanceolata 3.7 8.5
Botryoglossum complex 3.3 7.7
Gastroclonium coulteri 2.7 6.3
Gigartina canaliculata 1.1 2.6
Laurencia spectabilis 0.4 0.9
Gigartina spp. 0.4 0.9
Gigartina papillata 0.3 0.7
Microcladia coulteri 0.3 0.7
Gelidium coulteri 0.2 0.5
Gelidium spp. 0.2 0.5
*Dry Weight
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TABLE 5-13. P Values for the Kruskal-Wallis Test on Grams Dry
Weight Per 0.25m2 Quadrats Among Study Areas of
Key Intertidal Algae and All Soft Red and Green
Algae Combined, for all Sampling Periods Combined
(Fall-Winter 1979-80 Through Spring-Summer 1982)
Species/complex P Value
Bo~yoglo~~um complex < 0.0005*
Geu~o&0nium e.o uiteJt.,[ < 0.0005*
Giga.Jtt,ina c..a.naUc..ula.ta. < 0.0005*
Giga.Jtt,ina complex < 0.0005*
Giga.Jtt,ina papillata. < 0.0005*
]Judae.a comp1ex < 0.0005*
/vli.CJto c1.acU..a. e.o uiteJt.,[ < 0.0005*
P!lJ..orrJ.W lane.e.dla.ta < 0.0005*
Key algae plus all other
soft algae combined
*Significant at P ~ 0.05
50
< 0.0005*
TABLE 5-14. Dunn's Multiple Comparison Test on' Grams Dry Weight Per
O.25-m2 Quadrat Among Intertidal Study Areas for All
Sampling Periods Combined (Fall-Winter 1979-80 ~Through
Spring-Summer 1982) of Key Algae and All Soft Red and
Green Algae Combined, at an Experimentwise Error Rate
of 0.1. DP, SOC, NDC and NC Represent Diablo Point,
South Diablo Cove, North Diablo Cove and North Control
Respectively
DP DP DP SOC SOC NDC
Speci esj comp1ex SOC NDC NC NDC NC NC
BotpYogZossum complex * * * * *
GastrocZonium couZteri * * * *
Gigartina canaZicuZata * * * * *
Gigartina complex * * * * *
Gigartina papiZZata *
Iridaea comp1ex * * * * *
MicrocZadia couZteri * * * * * *
Prionitis ZanceaZata * * * * *
Key species plus all other
soft algae combined
*:& Significant
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* * * * *
TABLE 5-15. P Values for the Kruskal-Wallis Test on Percent
Cover of I~tertidal Articulated Coralline Algae
Per 0.25-m Quadrat Among Sampling Periods (Fall-
Winter 1979-80 Through Spring-Summer 1982)
Study area P Value
Diablo Point 0.015*
South Diablo Cove
North Diablo Cove
North Control
*Significant at P ~ 0.05
+P < 0.0005
52
+ *,
0.001*
0.046*
TABLE 5-16. Dunn's Multiple Comparison Test on Percent Coyer Per 0.25-m2 Quadrat Between Sampling Periods of
Articulated Coralline Algae at Each Study Area, at an Experimentwise Error Rate of 0.1. FW and SS
Represent Fall-Winter and Spring-Summer Sampling Periods Respectively
FW FW FH . FW FL~ SS SS SS SS
79-80 79-80 79-80 79-80 79-80 80 80 80 80
5S FW 55 FW S5 FW SS FW SS
Species/complex 80 80-81 81 81-8f. _82 &0-81 81 81-82 82
FW FW
80-81 80-81
SS FW
81 81-82
FW
80-81
SS
82
ss- SS
81 81
FW SS
81-82 82
F~J
81-82
SS
82
Diablo Point
South Diablo Cove
North Diablo Cove
North Control
+
*
+
+
-*
*
+
+
*
+
*Significant difference between years
+Significant seasonal difference where FW cover is greater than SS cover
(Jl
w
TABLE 5-17. Dunn's Multiple Comparison Test on Percent Surfgrass Cover Per 0.25-m2 Quadrat Between Sampling Periods
at Each Study Area, at an Experimentwise Error Rate of 0.1. FW and SS Represent Fall-Winter and
Spring-Summer Sampling Periods Respectively
FW FW HJ
79-80 79-80 79-80
FW FW 5S SS SS 5S FW FW FW SS
79-80 79-80 80 80 80 80 80-81 80-81 80-81 81
5S HJ
81 81-82
55 FW 55 FW 55 FW 55 FW 5S 5S FW 55 FW 5S 55
Species/complex 80 80-81 81 81-82 82 80-81 81 81-82 82 81 81-82 82 81-82 82 82
Diablo Point
South Diablo Cove
North Diablo Cove
North Control
*
*
*
+
*
*
*
no surfgr~ss present
+
+
+
+
*
*
*
*Significant seasonal difference where SS cover is greater than FW cover
+Significant difference between years
U1
~
TABLE 5-18 0 Key Invertebrates for Intertidal Oo25-m2 Quadrat
Survey
Scientific name
Aanaeidae 1
Epiaatis prolifera 1
Fissurella volaano 1,2
H 0 0 .., 0 .., 1,2en~a~a ~e~usau~a
o 1 ,2Leptaste~as spp.
o h 1,3P~saster oa raaeous
o d 1,2Pugett~a pro uata
P • 0 h 0 OJ 0.., 0 .., 1,2ugett~a ~a ~~ gra~~~s aomp~ex
1Serpulorbis squcunigerus
Strongyloaentrotus sppo 1,2
Tegu Za brunnea 1
1Tegula funebralis
Toniae Ua Zineata 1,2
1
Densities analyzed
2
Size frequency distribution determined
3
Analysis only performed at Diablo Point
55
Common name
acamaeid limpets
proliferating anemone
vo 1cano 1impet
blood star
six-rayed star
ochre star
kelp crab
decorator crabs
scaly tube WOY'll
red and purple sea urchi ns ,
brown turban snail
black turban snail
lined chiton
TABLE 5-19. P Values for the Kruska1-Wa11is Test on Counts Per 0.25-m2
Quadrats Among Sampling Periods for Key Intertidal Inver-
tebrates
South North
Diablo Diablo Diablo North
Key Invertebrate Point Cove Cove Control
Acmaeidae 0.533 + * 0.006* 0.004*,
Epiactis ppoZi fepa 0.029* 0.009* 0.001* 0.002*
FissUT'eZZa voZcano 0.010* 0.050* 0.005* 0.002*
HenT'icia ZeviuscuZa 0.003* 0.382 0.282 0.278
LeptasteT'ias spp. 0.057 0.003* + * + *, ,
Pisastep ochT'aceous 0.250
Pugettia ppoducta 0.640 0.039* 0.158 + *,
Pugettia T'ichii/gpaciZis 0.828 0.073 0.120 + *,
Ser,puZopbis squamigeT'US 0.536 0.331 0.144 0.205
StpongyZocentpotus spp. 0.406 0.123 + * 0.514,
TeguZa bT'Unnea 0.407 0.320 0.006* + *,
TeguZa funebpaZis 0.210 +"* +* + *, , ,
ToniceZZa Zineata 0.791 0.115 0.121 0.041*
*Significant at P ~ 0.05
+P < 0.005
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TABLE 5-20. Dunn's Multiple Comparison on Counts Per 0.25-m2
Quadrats Among Sampling Periods of Key Intertidal
Invertebrates for Diablo Point at an Experimentwise
Error Rate of 0.1. No Significant Differences Were
Detected for Unlisted SamRling Period Pairs.
FW=Fa11-Winter and SS=Spring-Summer
Sp~cies
Epiactis pro Zi fera
FissureZZa voZcano +
FW 79-80 FW 79-80 SS 80 S5 80
5S 80 FW 81-82 FW 80 -81 FW 81-82
x
Henricia ZeviuscuZa
X=5ignificant
+No significant pairs detected
x
57
x x
TABLE 5-21. Dunn's Multiple Comparison on Counts Per 0.25-m2 Quadrats Among Sampling Periods of Key
Intertidal Invertebrates for South Diablo Cove at an Experimentwise Error Rate of 0.1.
No Significant Differences Were Detected for Unlisted Sampling Period Pairs. FW=Fall-
Winter and SS=Spring-Summer
Key Invertebrate
FW 79-80 FW 79-80 SS 80
SS 81 SS 82 FH 80-81
SS 80 SS 80 SS 80 FW 80-81
SS 81 FW 81-82 55 82 SS 81
'"
(J'l
ex>
Acmaeidae
Epiactis PPO Zi fepa
FissUPelZa volcano+
LeptastePics spp.
. d +Pugettia PPO ucta
Tegula funebPalis
X=Significant
+No significant pairs detected
x x
x x x
x
x
x
TABLE 5-22. Dunn1s Multiple Comparison on Counts Per 0.25-m2 Quadrats Among Sampling Periods of Key
Intertidal Invertebrates for North Diablo Cove at an Experimentwise Error Rate of 0.1.
No Significant Differences Were Detected for Unlisted Sampling Period Pairs. FW=Fa11-
Winter and SS=Spring-Summer
x X
Key Invertebrate
Acmaeidae+
Epiaotis pro l.i fera
FissureZZa voZoano+
Leptasterios spp.
StrongyZooentrotus spp.+
(J'l
1.0 TeguZa brunnea
TeguZa funebraZis+
X=Significant
+No significant pairs detected
FW 79-80
SS 80
x
FW 79-80
SS 81
x
FW 79-80
FW 81-82
x
FW 79-80 SS 80
SS 82 FW 80-81
x
x
SS 80
FW 81-82
SS 80
SS 82
TABLE 5-23. Dunn1s Multiple Comparison on Counts Per 0.25-m2 Quadrats Among Sampling Periods of Key
Intertidal Invertebrates for North Control at an Experimentwise Error Rate of 0.1. No
Significant Differences Were Detected for Unlisted Sampling Period Pairs. FW=Fall-Winter
and SS=Spring-Summer
Key Invertebrate
Acmaeidae +
FW 79-80 FW 79-80 FW 79-80 FW 79-80 FW 79-80 SS 80 FW 80-81 SS 81 FW 81-82
SS 80 FW 80-81 SS 81 FW 81-82 SS 82 SS 82 SS 82 SS 82 SS 82
0\
o
Epiactis proZifera
Fissurel~ volcano +
Leptasterias spp.
Pugettia produata
Pugettia richii/graaiZis
Tegula brunnea
Tegu~ funebralis
Tonice lla Uneata +
x
X X
X
X
x
X
X
X
X
X
X
x
X
x
X
X
X
X X
X
X=Si gnifi cant
+No significant pairs detected
TABLE 5-24. P Valu2s for the Kruskal-Wallis Test on Counts Per0.25 m Quadrats Among Study Areas for Key Intertidal
Invertebrates
Key Invertebrate Value
Acmaeidae 0.309
Ep,{aeW pfLoU6 Vta. + *,
FLMUfLe£1.a.. volc.a.no 0.001*
He.nJUcia. le.v.Lu6c.ula. + *,
Le.p:ta.6tvUa..6 spp. + *,
Puge.tt-<.a. pfLoduc;ta 0.001*
Pug e.tt-<.a. !Lic.WIgJulcil1..6 0.013*
SeJtpulofLb.L6 .6qu.amige.!LU6 + *,
S:tJwn.g yloC.e.n.:tJwtU6 spp. 0.008*
Te.gula. bfLunn.e.a. + *,
Te.gula 6une.b!LaU.6 0.057
TOMC.e.Ua Une.a.ta 0.002*
*Significant at P ~ 0.05
+P < 0.0005
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TABLE 5-25. Dunn's Multiple Comparisons on Counts Per 0.25-m2
Quadrats Among Study Areas of Key Intertidal Inver-
tebrates at an Experimentwise Error Rate of 0.1.
DP=Oiablo Point, SDC=South Diablo Cove, NDC=North
Diablo Cove, NC=North Control
Key Invertebrate
DP DP DP SOC SOC NOC
SOC NDC NC NDC NC NC
Epiactis proZifera
FissureZZa voZcano +
Henriaia ZeviuscuZa
Leptasterias spp.
Pugettia producta
Pugettia richiijgraaiZis +
x
x
x x
X
x
X
X
x x
X
X
X
SerpuZorbis squamigerus
StrongyZocentrotus spp.+
T~guZa brunnea
ToniceZZa Zineata +
X
X
X X
x X
X=Significant
+No significant pairs detected
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TABLE 5-26. P Values for the Kruskal-W.allis Test on Mean Densities
(no./m2) Among Sampling Periods for the Perpendicular-
to-Shore Abalone Transect Survey
Study
South Diablo Cove
North Diablo Cove
North Contro1
HaZiotis cracherodii
.732
.611
.728
HaZiotis rufescens
. 125
.504
. 161
TABLE 5-27. P Values for the Kruskal-Wal1is Test on Mean
Densities (no./m2 ) Among Sampling Periods for
the Para11el-to-Shore Abalone Transect Survey
Study
Diablo Point
South Diablo Cove
North Diablo Cove
North Control
*Significant at P <0.05
Haliotis crachePOdii Haliotis rufescens
.458 .016*
.150 .591
.001* .243
.090 .085
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TABLE 5-28. Transect Lengths (1n Meters) and Areas Surveyed (1n Square Meters) at Permanent Stat10ns
South Diablo Cove North Diablo Cove Field's Cove South Cove
3-A 3-8 P-2· 2-A 2-8 I-A * 1-8 P-l P-3SarllO II ng
Length Area Length Area Length Area Length Area Length Area Length Area Lengt-h--Area Length
_.__._----
Period Area Lellgth Area
Jan. - Feb. 1979 30.0 60 34.0 68 30.0 60 30.0 60 23.0 46 30.0 60 25.0 50
August 1979 30.0 60 32.0 64 22.0 44 23.0 46 9.5 19 23.5 47 30.0 60 26.0 52
Apri 1 1980 27.0 54 32.0 64 26.0 52 29.0 58 10.0 20 30.0 60 30.0 60 30.0 60
June-July 1980 33.0 66 34.0 68 27.0 54 30.0 60 10.0 20 27.0 54 30.0 60 27.0 54
Oct. - Dec. 1980 30.0 60 27.0 54 8.0 32 26.0 52 27.0 54 10.0 20 23.0 46 30.0 60 26.0 52
April-June 1981 30.0 60 27.0 54 8.0 32 26.0 52 27.0 54 10.0 20 23.0 46 30.0 60 26.0 52
O'l
~ Oct. 1981 30.0 60 27.0 54 8.0 32 26.0 52 27.0 54 10.0 20 23.0 46 30.0 60 26.0 52
April 1982 30.0 60 27.0 54 8.0 32 26.0 52 27.0 54 10.0 20 23.0 46 30.0 60 26.0 52
*"0 entry ind1cates sampling not conducted
TAlJLE 5-2!l Density (No./m2) of Black Ababone. Hal.iotis crachel'Odii. at Pennanent Intertidal Stations
South Diablo Cove North Diablo Cove Field's Cove Seal Haul-Out
-
Samp 1i ng Peri od 3-A 3-B P-2* 2-A 2-8 l-A * 1-8 P-l P-3
Jan. Feb. 1979 0.28 1.00 1.98 1.30 10.74 3.72 0.94
August 1979 0.20 0.52 2.66 1.70 4.72 7.15 2.38 1.25
Apri 1 1980 0.39 0.67 2.65 1.43 5.60 10.72 2.70 1. 17
June-July 1980 0.15 0.87 4.28 1.10 5.35 12.70 2.53 1.69
Oct. - Dec. 1980 0.35 0.63 16.19 3.46 0.98 4.85 12.28 2.12 0.88
April-June 1981 0.38 0.78 17.88 4.73 0.83 4.90 12.06 2.07 1.58
Oct. 1981 0.50 0.74 12.00 4.79 0.78 4.95 12.41 1.20 1.420'
<..T1
April 1982 0.40 0.72 17.50 3.65 0.59 4.50 11.33 0.95 1. 75
-
*llo entry indicates samp1in9 not conducted
TABLE 5-3 a Density (No./m2) of Red Abalone, Haliotis rufesaens. at Permanent Intertidal Stations
South Diablo Cove North Diablo Cove Field's Cove Seal Haul-Out
Sampling Period 3-A 3-B P-2* 2-A 2-8 l-A* 1-8 P-l P-3
Jan. - Feb. 1979 0.00 0.01 0.03 0.05 0.00 0.03 0.00
August 1979 0.00 0.03 0.02 0.07 0.00 0.00 0.00 0.00
Apri 1 0.00 0.00 0.00 0.02 0.00 0.00 0.02 0.00
June-July 1980 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00
Oct. - Dec. 1980 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00
Apri l-June 1981 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00
Oct. 1981 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00C'l
C'l
0.00Apr; 1 1982 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
*No entry indicates sampling not conducted
Structure
North Control
M dD
Lion Rock V e:J
Field's Cove
o() {J
Diablo
Diablo Point SOUTH!~ {~ ,~~ ~\\"\\~,\""
o
,
200 400, ,
Meters
Fi gure 5-1. Intertidal study areas (hatched) for random surveys and
parallel-to-shore abalone transects.
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FIGURE 5-2. Total soft red and green alga dry weight statistics by sampling period at Diablo Point
intertidal O.25-m2 quadrats. FW and SS represent fall-winter and spring-summer res-
pectively. Sample size per sampling period = 12.
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FIGURE 5-3. Bot~OgZ088um complex dry weight statistics by sampling period at intertidal O.25-m2
quadrats for all four study areas. Variations in sample size (N) above standard error.
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FIGURE 5-4. GastroaZonium aouZteri dry weight statistics by sampling period at intertidal O.25-m2
quadrats for all four study areas. Variations in sample size (N) above standard error.
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FIGURE 5-5. Gigartina aanaZiculata dry weight statistics by sampling period at intertidal O.25-m2
quadrats for all four study areas. Variations in sample size (N) above standard error.
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FIGURE 5-6. Gigartina complex dry weight statistics by sampling period at intertidal O.25-m2 quadrats
for all four study areas. Variations in sample size (N) above standard error.
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FIGURE 5-7. Gigaptina papiZZata dry weight statistics by sampling period at intertidal O.25-m2 quadrats
for all four study areas. Variations in sample size (N) above standard error.
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FIGURE 5-8. Iridaea complex dry weight statistics by sampling period at intertidal O.25-m2 quadrats
for all four study areas. Variations in sample size (N) above standard error.
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FIGURE 5-9. MiaroaZadia aouZteri dry weight statistics by sampling period at intertidal O.25-m2 quadrats
for all four study areas. Variations in sample size (N) above standard error.
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FIGURE 5-10. Frionitis Zanaeolata dry weight statistics by sampling period at intertidal 0.25-m2 quadrats
for all four study areas. Variations in sample size (N) above standard error.
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FIGURE 5-11.. Total soft red and green alga dry weight statistics by sampling period at south Diablo Cove
intertidal O.25-m2 quadrats. FW and SS represent fall-winter and spring-summer respectively.
Sample size per sampling period = 36.
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FIGURE 5-12. Total soft red and green alga dry weight statistics by sampling period at north Diablo
Cove intertidal O.25-m2 quadrats. FW and SS represent fall-winter and spring-summer res-
pectively. Sample size per sampling period = 36, except as indicated for FW 1981-82.
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FIGURE 5-13. Total soft red and green alga dry weight statistics by sampling period at North Control
intertidal 0.25-m2 quadrats. FW and 55 represent fall-winter and spring-summer res-
pectively. Sample size per sampling period = 40, except as indicated for FW 1981-82.
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FIGURE 5-14. Total soft red and green alga dry weight statistics by study area at intertidal O.25-m2
quadrats for combined sampling periods (fall-winter 1979-80 to spring-summer 1982). DP,
SDC, NDL, and NC represent Diablo Point, south Diablo Cove, north Diablo Cove, and North
Control. Sample size above standard error.
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FIGURE 5-15. Relative composition of dominant algal species~pecies
complexes comprising at least one percent of the
total biomass at Diablo Point for combined sampling
periods (fall-winter 1979-80 to spring-summer 1982).
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FIGURE 5-16. Relative composition of dominant algal species f..s pec; es compl exes
comprising at least one percent of total biomass at south
Diablo Cove for combined sampling periods (fall-winter
1979-80 to spring-summer 1982).
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FIGURE 5-17. Relative composition of dominant algal species/species complexes
comprising at least one percent of the total biomass at
north Diablo Cove for combined sampling periods (fa11-
winter 1979-80 to spring-summer 1982).
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Figure 5-24. Pugettia produata statistics by sampling period at Diablo Point intertidal O.25-m2
quadrats. Sample size was 12 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-25. Epiactis prolifera statistics by sampling period at Diablo Point intertidal O.25-m2
quadrats. Sample size was 12 per period. FW=fa11-winter and SS=spring-summer.
1.2
I
I
I
r
0::
0
cr::0:::
cr::W
W to-
w 0.804
g§w ,I
ocr:: IZa:
+
a:::J
r- C
V1V'l
00:::Zw 0.4\0 a:t-
N 0::::j-a:
z.:::J I
+
.:::JC
00:::U
w
zo... Ia:
w
.0~
I I I r r r
F'W 55 FW 55 FW 55
1979-8.0 1980 1980-81 1981 1981-82 1982
SRMPLING PER roo
Figure 5-26. Fissurella volcano statistics by sampling period at Diablo Point intertidal O.25-m2
quadrats. Sample size was 12 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-27. TeguZa funebraZis statistics by sampling period at Diablo Point intertidal O.25-m2
quadrats. Sample size was 12 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-28. Acmaeidae statistics by sampling period at Diablo Point intertidal O.25-m2 quadrats.
Sample size was 12 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-29. Pisaster oahraaeous statistics by sampling period at Diablo Point intertidal O.25-m2
quadrats. Sample size was 12 per period. FW=fal~winter and SS=spring-summer.
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Pugettia richii/gracilis complex statistics by sampling period at Diablo Point
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Figure 5-32. Se~uZorbis squamigerus statistics by sampling period at Diablo Point intertidal
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Stron~locentrotusspp. statistics by sampling period at Diablo Point intertidal
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Figure 5-34. Tegula brunnea statistics by sampling period at Diablo Point intertidal O.25-m2
quadrats. Sample size was 12 per period. FW=fa11-winter and SS=spring-summer.
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Figure 5-42. Length frequency distributions for ToniceZ~ Zineata. N=sample size.
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Figure 5-43. Acmaeidae statistics by sampling period at south Diablo Cove intertidal O.25-m2 quadrats.
Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-44. Epiactis proZifera statistics by sample period at south Diablo Diablo Cove intertidal
O.25-m2 quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-45. Fissurella volcano statistics by sampling period at south Diablo Cove intertidal O.25-m2
quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Fi gure 5-46. Henriaia leviusaula statistics by sampling period at south Diablo Cove intertidal
O.25-m2 quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-
summer.
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Figure 5-47. Lepasterias spp. statistics by sampling period at south Diablo Cove intertidal O.25-m2
quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-48. Pugettia produata statistics by sampling period at south Diablo Cove intertidal
O.25-m2 quadrats. Sample size was 36 per period. FW=fall-winter and SS~spring­
summer.
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Figure 5-49. Pugettia richii/graciZi8 compZex statistics by sampling period at south Diablo Cove
intertidal O.25-m2 quadrats. Sample size was 36 per period~ FW=fall-winter and
SS=spring -summer.
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Figure 5-50. SerpuZorbis squamigerus statistics by sampling period at south Diablo Cove intertidal
0.25-m2 quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-
summer.
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Figure 5-51. StrongyZocentrotus spp. statistics by sampling period at sou~h Diablo Cove irytertidal
O.25-m2 quadrats. Sample size was 36 per period. FW=fall-wlnter and SS=sprlng-
summer.
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Figure 5-52. TeguZa brunnea statistics by sampling period at south Diablo Cove intertidal O.25-m2
quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-53. Tegula funebralis statistics by sampling period at south. Diablo Cove intertidal O.25-m2
quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-54. ToniceZZa Zineata statistics by sampling period at south Diablo Cove intertidal O.25-m2
quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-55. Lepasterias spp. statistics by sampling period at north Diablo Cove intertidal O.25-m2
quadra ts. Sample size was 36 per period. FW=fall -winter and SS=spring-summer.
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Figure 5-56. Tegula funebralis statistics by sampling period at north Diablo Cove intertidal O.25-m2
quadrats. Sample size was 36 per period. FW=fall -winter and SS=spring-summer.
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Figure 5-57. Acmaeidae statistics by sampling period at north Diablo Cove intertidal O.25-m2
quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-58. Epiactis proZifera statistics by sampling period at north Diablo Cove intertidal O.25-m2
quadrats. Sample size was 36 per period. FW=fall-wjnter and SS=spring-summer.
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Figure 5-59. Henricia ZeviuscuZa statistics by sampling period at north Diablo Cove intertidal
O.25-m2 quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-60. Fissurella volcano statistics by sampling period at north Diablo Cove intertidal 0.25-m2
quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Fi.gure 5-61. Pugettia producta statistics by sampling period at north Diablo Cove intertidal O.25-m2
quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Pugettia richii/graciZis compZex statistics by sampling period at north Diablo Cove
intertidal O.25-m2 quadrats. Sample size was 36 per period. FW=fall-winter and
SS=spring-summer.
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Figure 5-65. TeguZa brunnea statistics by sampling period at north Diablo Cove intertidal O.25-m2
quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-66. ToniceZZa Zineata statistics by sampling period at north Diablo Cove intertidal O.25-m2
quadrats. Sample size was 36 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-67. Pugettia producta statistics by sampling period at North Control intertidal 0.25-m2
quadrats. Sample size was 40 per period. FW=fall -winter and SS=spring-summer.
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Figure 5-68. Acmaeidae statistics by sampling period at North Control intertidal 0.25-m2 quadrats.
Sample size was 40 per period. FW=fall -winter and SS=spring-summer.
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Figure 5-69. Epiactis proZifera statistics by sampling period at North Control intertidal 0.25-m2
quadrats. Sample size was 40 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-70. Fissurella volcano statistics by sampling period at North Control intertidal 0.25-m2
quadrats. Sample size was 40 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-71. Henricia ZeviuscuZa statistics by sampling period at North Control intertidal O.25-m2
quadrats. Sample size was 40 per period. FW=fall-winter and SS~spring-summer.
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Figure 5-72. Leptasterias spp. statistics by sampling period at North Control intertidal 0.25-m2
quadrats. Sample size was 40 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-73. Pugettia richii/~acilis complex statistics by sampling period at North Control
intertidal O.25-m2 quadrats. Sample size was 40 per period. FW=fall-winter and
SS=spring -summer.
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Figure 5-74. SerpuZorbis squamigerus statistics by sampling period at North Contr9l intertidal 0.25-m2
quadrats. Sample size was 40 per period. FW=fall-winter and SS=sprlng-summer.
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Figure 5-75. StrongyZocentrotus spp. statistics by sampling period at North Control intertidal 0.25-m2
quadrats. Sample size was 40 per period. FW=fall-winter and SS=spring-summer.
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Figure 5-76. TeguZa brunnea statistics by sampling period at North Control intertidal 0.25-m2
quadrats. Sample size was 40 per period. FW=fall-winter and SS=spring-summer.
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')Figure 5-77. TeguZa funebraZis statistics by sampling period at North Control intertidal O.25-m~
quadrats. Sample size was 40 per period. FW=fall-winter and SS~spring-summer.
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Figure 5-78. ToniceZZa Zineata statistics by sampling period at North Control intertidal 0.25-m2
quadrats. Sample size was 40 per period. FW=fall-winter and SS=spring-summer.
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Fi gure 5-79. Acmaeidae statistics per intertidal 0.25-m2
quadrats among Diablo Point (DP),south Diablo
Cove (SDC), north Diablo Cove (NDC), and North
Control (NC). Sample size above standard error.
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Epiactis ppoZifepa statistics per intertidal
0.25-m2 quadrats among Diablo Point (DP), south
Diablo Cove (SDC), north Diablo Cove (NDC), and
North Control (NC). Sample size above standard
error.
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Figure 5-81. Fissur~ZZa voZaano statistics per intertidal
O.25-m quadrats among Diablo Point (DP), south
Diablo Cove (SDC), north Diablo Cove (NDC), and
North Control (NC), Sample size above standard
error.
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Fi gure 5-82.
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Henriaia ZeviusauZa statistics per intertidal
O.25-m2 quadrats among Diablo Point (DP), south
Diablo Cove (SDC), north Diablo Cove (NDC), and
North Control (NC). Sample size above standard
error.
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Figure 5-83. Leptasterias spp. statistics per intertidal
O.25-m2 quadrats among Diablo Point (DP), south
Diablo Cove (SDC), north Diablo Cove (NDC), and
North Control (NC). Sample size above standard
error.
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Pugettia producta statistics per intertidal
O.25-mz quadrats among Diablo Point (DP), south
Diablo Cove (SDC), north Diablo Cove (NDC), and
North Control (NC). Sample size above standard
error.
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Figure 5-85. Pugettia riohii/graciZis statistics per intertidal
O.25-m2 quadrats among Diablo Point (DP), south
Diablo Cove (SOC), north Diablo Cove (NDC), and
North Control (NC). Sample size above standard
error.
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Figure 5-86. SerpuZorbis squ~gerus statistics per
intertidal O.25-m quadrats among Diablo
Point (DP), south Diablo Cover (SOC), north
Diablo Cove (NDC), and North Control (NC).
Sample size above standard error.
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Figure 5-87. StrongHlocentrotus spp. statistics per intertidal
O.25-m2 quadrats among Diablo Point (DP), south
Diablo Cove (SOC), north Diablo Cove (NDC), and
North Control (NC). Sample size above standard
error.
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Figure 5-88. Tegula brunnea statistics per intertidal O.25-m2
quadrats among Diablo Point (DP), south Diablo
Cove (SOC), north Diablo Cove (NDC), and North
Control (NC). Sample size above standard error.
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Figure 5-89. Tegula~unebralis statistics per intertidal
0.25-m quadrats among Diablo Point (DP), south
Diablo Cove (SOC), north Diablo Cove (NDC), and
North Control (NC). Sample size above standard
error.
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Tonicella lineata statistics per intertidal
0.25-m2 quadrats among Diablo Point (DP), south
Diablo Cove (SOC), north Diablo Cove (NDC), and
North Control (NC). Sample size above standard
error.
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survey. N=sample size per sampling period.
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Figure 5-99. Permanent intertidal abalone stations.
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5 RANDOM SUBTIDAL STUDIES
These studies were conducted 1n Diablo Cove and North Control
(Figure 6-1).
6.1 230-m Quadrats
2These ~uadrats are circular and are also referred to as 30-m
arcs.
6.1.1 Brown Algae (by B. B. Hatfield)
The primary objectives of this study were to test for stability
over time, comparability of study areas, and differences in depth
dislrihution of the dominant brown algae.
6.1.1.1 Materials and Methods
The materlals and methods used to locate and survey the random
2
subtidal 30-m quadrats were ecmsistent with those in the report
covering the years 1973 through 1978 (Gotshall et a1. 1984).
Briefly, stipes of Laminaria dentigera, Pterygophora ca1ifornica
and bull kelp, Nereocystisleutkeana were counted within the 30-m 2
quadrat boundaries. Twelve quadrats were surveyed each year (1980,
1981, 1982) at both south Diablo Cove (SOC) and north Diablo Cove
(NDC), while 24 quadrats were surveyed each year at North Control
(NC) •
Surveys were also conducted in 1979. 2However, all 30-m quadr at s
sampled that year were located in water equal to or shallower than (5
ft. In comparison, approximately one-third of the quadrats sampled
in 1980, 1981, and 1982 were in water 25 ft or more in depth.
Because of this disparity, we decided not to include the data from
1979.
The physical variables measured during this study included water
temperature and clarity, and percent of each type of substrate.
Substrate composition was estimated visually and divided into five
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categories: sand (2.. 1/8 in), gravel (> 1/8 ~ 1/2 in), cobble
(> 1/2 ~ 6 in), boulder (> 6 in), and bedrock. Statistical tests
\oJere not performed tf) determine if the above variables influenced
brown alga abundance.
The nonparametric Kruskal-Wallis test was used to determine if
significant differences (P ~ 0.05) in mean counts existed among
study areas and among years at each study area for combined years.
If this test identified significant differences, Dunn's multiple
comparison procedure (Hollander and Wolfe 1973) was performed to
determine between which two years or study areas these significant
differences occurred. The Kruskal-Wallis test was also used to
determine if significant differences in depth distribution existed
between areas in less than or equal to 25 ft of water and in areas
over 25 ft in depth.
6.1.1.2 Results
Mean ocean bottom temperatures ranged from 51.5°F for the June-
July 1980 survey period at south Diablo Cove to 57.2°F for the
August-October 1982 survey period at North Control (Table 6-1). Mean
bottom temperatures were usually warmer' at North Control than at
either south or north Diablo Cove, an observation most likely
attributable to sampling later in the year at North Control.
Differences in substrate composition within the quadrats among
years and among study areas were not great. Each year boulder and
bedrock, which are the most co~non anchorinq substrates for kelp,
together made up approximately 10% of the bottom at both SOC and NOC.
At North Control this combination of substrate types consistently
made up approximately 80% of the substrate. Sand, an unfavorable
anchoring substrate for algae, made up approximately five percent
more of the total at SOC and NOC than at North Control (Table 6-1).
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The mean counts of Laminaria dentigera in 30-m2 quadrats did not
differ si9nificantly among years at any of our study areas (Table 6-2
and Figure 6-2). Mean densities for h. dentigera for the years 1979
through 1982 combined were significantly different among study areas
(Table 6-3). The density at North Control was lower than at either
south Diablo Cove or north Diablo Cove (Table 6-4 and Figure 6-3).
Laminaria did not show a significant difference in distribution
between depths equal to or less than 25 ft and deeper than 25 ft in
any study area (Table 6-5).
Pterygophora californica underwent a significant change in
density over time only at south Diablo Cove (Table 6-2 and Figure
6-4), and the Dunn's multiple comparisons test showed this difference
to be between the densities in 1980 and 1982 (Table 6-6). Our data
did demonstrate that Pterygophora varied significantly in abundance
between each of the study areas, with this kelp being most abundant
at south Diablo Cove (Tables 6-3 and 6-4; Figure 6-3). This species
was more abundant in depths greater than 25 ft than in depths equal
to or less than 25 ft at North Control, but did not show a
significantly different distribution between these depth intervals in
either SOC or NDC (Table 6-5).
The Kruskal-Wallis test indicated a significant change over time
in bull kelp, Nereocystis leutkeana, abundance at both NDC and NC,
(Table 6-2 and Figure 6-5), but the Dunn's multiple comparison
procedure was only able to distinguish a difference over time at NDC,
and only between the years 1980 and 1982 (Table 6-6).
For the years 1980 through 1982 combined, the density of
~ereocystis at NC was not significantly different from either SOC or
NDC (Table 6-3 and Figure 6-3). Like Pterygophora, Nereocystis was
shown to be significantly more abundant in depths greater than 25 ft
only at North Control (Table 6-5).
6.1.1.3 Discussion
It has been shown that sea otters, by removing macro-invertebrate
herbivores, can have profound effects on algal community structure
and succession in the nearshore marine environment (Estes and
Palmisano 1974; Estes, Smith and Palmisano 1978; Breen et al. 1982
and others). Sea otters have been foraging in the vicinity of Diablo
Canyon since at least 1973 and were observed rafting and foraging in
large numbers in Diablo Cove in 1974 (Gotshall et al. 1984).
In 1975 a dramatic increase in the abundance of Nereocystis, a
speCles which forms a surface canopy each year, was observed in both
north and south Diablo Cove. This was apparently due to reduced
grazing by urchins and, to a lesser extent, abalones. A marked
increase in densities of Laminaria dentigera and Pterygophora
californica, both perennial species which form subsurface canopies,
was documented the same year. The following year, while Laminaria
and Pterygophora maintained or increased their numbers, Nereocystis·
was unable to recruit as successfully and its numbers evidenced a
sharp decline in Diablo Cove. (Gotshall et al. 1984). This brown
algal successional scheme has also been observed by others (Paine and
Vadas 1969; Dayton 1975; and Duggins 1980) and is thought to be a
result of competitive dominance of Laminaria and Pterygophora over
Nereocystis under conditions in which light and space for sporophyte
growth are limiting.
In the absence of major biological disturbances, alga community
structure is determined largely by physical disturbances, i.e.
storms, and variations in alga recruitment (Cowen, Agegian and Foster
1982). Biological disturbances to brown algae have been low in this
area, a result of sea otters removing most of the large herbivores.
In addition, physical disturbances from at least 1980 through 1982
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were not severe enough to considerably reduce the canopies of
Laminaria and Pterygophora. These conditions apparently favored the
recruitment and growth of these two perennials over the annual
Nereocystis.
In addition to inhibiting the recruitment and growth of other
algal species, Duggins (1980) found in his Alaskan study that three
to five year old stands of Laminaria spp. became so dense where
urchins were removed that they actually inhibited their own
recruitment. This density dependent inhibition might be responsible
for our observations. The combined counts per 30-m2 of l. dentigera
and Pterygophora californica, which are quite similar ecologically,
showed no net increase from 1980 through 1982 in Diablo Cove.
A greater number of significant differences in densities over
time of Laminaria, Pterygophora and Nereocystis, was observed at each
study area during the years immediately following the reappearance of
otters in the Diablo Cove area (Gotshall et al. 1984) than was
observed during the years covered in this report.
The importance of both biological and physical disturbances in
structuring nearshore marine communities has been demonstrated in
this region. In the winter of 1983 a spectacular series of winter
storms removed much of the algae, including l. dentigera and
f. californic!, in and around Diablo Cove. It will be interesting to
observe and compare brown algal succession following years of severe
winter storms, including those of the 1982-83 winter, with the
documented succession following urchin removal by sea otters.
Considering the dynamic nature of kelp forest ecology, the
particular successional stage of the brown algae at Diablo Cove must
be taken into account in order to monitor the effects of the
discharge water on the algal community.
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6.1.2 Invertebrates (by J. R. R. Ally)
The objective of this study was to evaluate temporal stability in
the density of selected organisms. Thus in each study area for
combined depths, the null hypothesis (Ho ) was Ho:X1980 = X1981 = X1982
2
at P ~ 0.05, where X is the mean count per 30-m of a given
invertebrate.
South Diablo Cove data were analyzed separately from those of
north Diablo Cove because the thermal impact of the power plant is
expected to be greater in the southern part of the cove (Doyle Jr. 1979).
In 1979, invertebrates were surveyed at depths of 1 to 25 ft.
This deviation from the study design (l to 60 ft) necessitated the
exclusion of 1979 data from analysis.
6.1.2.1 Materials and Methods
Generally the survey was conducted between June and October of
each year (Table 6-1), and the analysis was done on the same 11
organisms (Table 6-7) as those analyzed in the report covering the
years 1973 through 1978 (Gotshall et al. 1984).
Except for the use of underwater flashlights in 1981 and 1982,
the field materials and methods used between 1980 and 1982 were the
same as those reported by Gotshall et al. (1984).
The term lIdensityll is defined as "mean count per 30-m 2," and
substrate is defined as in Section 6.1.1.1.
To test the null hypothesis, the nonparametric Kruskal-Wallis
test was used. Where a significant difference was found, Dunn's
multiple comparison test (Hollander and Wolfe 1973) was used at an
experimentwise error rate of 0.1 to determine significantly different
densities between any two groups.
6.1.2.2 Resu Its
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6.1.2.2.1 South Diablo Cove
From temperatures taken by us during the annual surveys, the
highest mean surface and bottom temperatures (56.7 and 55.0°F,
respectively) for this area occurred in 1981 (Table 6-1). On average
for the study, 56% of the sampling was done on bedrock substrate
(Tab 1e 6-1 ) .
Of the 11 organisms surveyed, the most abundant at all depth
strata sampled was Patiria miniata, and the least abundant at most
was Strongylocentrotus franciscanus (Tables 6-8 through 6-18).
The densities of organisms surveyed varied among years in this
area (Figures 6-6 through 6-16). The Kruskal-Wallis test showed a
significant difference in the density of only Haliotis rufescens
(Table 6-19); Dunn's multiple comparison test showed no significant
difference in densities between any two years.
6.1.2.2.2 North Diablo Cove
Like south Diablo Cove, the highest mean surface and bottom
temperatures (56.6 and 55.2°F, respectively) for this area were in
1981 (Table 6-1). On average for the study, 52% of the sampling was
done on bedrock substrate (Table 6-1).
As with south Diablo Cove, the most abundant organism surveyed in
this area at all depth strata sampled was Patiria miniata, and the
least abundant at most was Strongylocentrotus franciscanus (Tables
6-8 through 6-18).
Except for Astraea gibberosa, whose density over time was
constant (2.8), the densities of all organisms surveyed varied among
years (Figures 6-6 through 6-16). The Kruskal-Wallis test showed a
significant difference in the density of only the Doriopsilla
albopunctata/Dendrodoris fulva complex (Table 6-19); Dunn's multiple
comparison test showed a significant difference only between 1981 and 1982.
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6.1.2.2.3 North Control
From temperatures taken by us during the annual surveys in this
area, the highest mean surface and bottom temperatures (57.8 and 57.2°F,
respectively) occurred in 1982 (Table 6-1). On average for
the study, 71% of the sampling was done on bedrock substrate (Table 6-1).
Like the other two study areas, the most abundant organisms
surveyed in this area at all depth strata sampled was Patiria
miniata, and the least abundant at most depth strata was
Strongylocentrotus franciscanus (Tables 6-8 through 6-18).
The densities of organisms surveyed varied among years in this
area (Figures 6-6 through 6-16). The Kruskal-Wallis test showed a
significant difference in the density of only Strongylocentrotus
franciscanus (Table 6-19); Dunn's multiple comparison test showed no
significant difference in densities between any two years.
6.1.2.3 Discussion
Except for Haliotis rufescens in south Diablo Cove, the
Doriopsilla albopunctata/Dendrodoris fulva complex in north Diablo
Cove, and Strongylocentrotus franciscanus in North Control, the data
for the organisms tested support the null hypothesis of equal
densities over time in each study area.
A statistical analysis of the data in this report and those in
the report covering the years 1973 through 1978 (Gotshall et al. 1984)
was not made because of the time constraint mentioned in
the introduction of this report.
165
6.1.3 Fishes (hy D. W. Gotshall)
6.1.3.1 Materials and Methods
The presence or ahsence of fishes at the random 30-m 2 arc
stations was recorded by our divers in the same manner as reported by
Gotshall et al. (1984).
6.1.3.2
6.1.3.2.1
Resu It s
Diablo Cove
From 1979 through 1982 we completed 86 fish observations at the
arc stations in Diablo Cove (Table 6-20). All of these observations
were conducted during the late spring and summer months. Four
species were added to the diver observed species list originally
compiled by Gotshall et al. (1984): the kelp clingfish, Rimicola
muscarum; canary rockfish, Sebastes pinniger; swell shark,
Cephaloscyllium ventriosum; and masked prickelback, .Stichaeopsis sp.
A total of 36 species of fish were observed and identified at the
Diablo Cove 30-m 2 arcs. In addition, three genera of fishes were
observed that could not be identified to species. Seven of these
fishes were observed during every sampling period: kelpfish
complex, Gibbonsia spp.; snubnose sculpin, Orthonopias triacis;
cabezon, Scorpaenichthys marmoratus; painted greenling, Oxylebius
pictus~ gopher rockfish, Sebastes ~arnatus; black-and-yellow
rockfish, ~. chrysomelas; and blue rockfish, ~. mystinus.
Our observations indicate several trends in changes of percent
frequency of occurrence (percent FO) have occurred since the 1974-
1977 studies of Gotshall et al. (1984). Coralline sculpin, Artedius
corallinus and painted greenling percent FO have increased over the
years (Figures 6-17 and 6-18); while kelpfish, striped surfperch,
Embiotoca lateralis; kelp greenling, Hexagrammos decagrammus;
lingcod, Ophiodon elongatus; and adult and juvenile blue rockfish
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percent Fa decreased (Figures 6-19 through 6-24). In general, there
were fewer sightings of all the surfperch species during the 1979-
1982 sampling years, than during the initial 1974-1977 sampling
period. The four most frequently observed fishes during this most
recent sampling were painted greenlings, cabezon, black-and-yellow
rockfish and snubnose sculpins, respectively (Table 6-21). Other
important fishes showed no trend in percent FO.(Figures 6-25 through 6-29).
6.1.3.2.2 North Control
Our divers made 85 observations of fishes at 30-ffiZ arcs in the
North Control from 1979 through 1982 (Table 6-22). From these
observations we added six new fish species to the North Control check
list: swell shark, giant sea bass, Stereolepis gigas; copper
rockfish, Sebastes caurinus; angel shark, Squatina californica;
monkeyface-eel, Cebidichthys violaceus; and masked prickleback,
Stichaeopsis sp.
With these new additions we have observed and identified 36
fishes to species and three to genera only at North Control 30-m2
arcs since our studies began in 1974. Fishes that were observed
during every sampling period were: kelpfish; coralline sculpins;
snubnose sculpins; cabezon; blackeye gobies, Coryphopterusnicholsii;
kelp greenlings; painted greenlings; senoritas, Oxyjulis californica;
gopher rockfish; black-and-yellow rockfish and blue rockfish (Table 6-22).
Striped surfperches, kelp greenlings, lingcod, senoritas, and
juvenile and adult blue rockfish declined in percent Fa during the
most recent sampling years (1979-1982) when compared with the earlier
sampling period from 1974 through 1977 (Figures 6-30 through 6-35).
The other important fishes (Table 6-21) fluctuated in percent FO
without any apparent patterns (Figures 6-36 through 6-42). As in
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Diablo Cove there was a general decline in surfperches as a group,
both in percent FO of individual species as well as the number of
species.
The three most frequently observed fishes at the 30-m 2 arcs were
kelpfish, painted greenlings and black-and-yellow rockfish,
respectively (Table 6-21).
6.1.3.3 Discussion
Our observations of fishes at the 30-m 2 arcs were influenced by
several factors that could cause variability in the data: 1)
underwater visibility, probably the most important factor that
influences the diver's ability to observe and identify all of the
fishes present around the station; 2) the learning ability of new
divers, both to identify fish correctly as well as learning to spot
fishes that tend to blend in with surroundings; and 3) the increase
in the understory canopy kelps, Pterygophor~ and Laminari~ since 1976
hampered our ability to observe fishes in the water column above the
canopy. However, we believe that certain trends in the fish presence
and absence data are due to factors other than those listed above and
these are discussed below.
When we compared the data from the more recent surveys (1979-1982)
with the previous observation data collected from 1974 through 1977,
we found that there are several species that are no longer being
observed by the divers. In Diablo Cove these are: Wolf-eel,
~narrhichthys ~~~llatus; smooth ronquil, ~at~~un~l~ ~l~~lecta;
sarcastic fringehead, Ne~~l~nu~ ~l~nchardi; onespot fringehead,
~.~~inotatus; kelp surfperch, ~~~~~li~tiu~ frenatus; shiner
surfperch,~m~~aster aggregata; rainbow surfperch, ~lPsurus caryi;
white surfperch, !:ha~~~~<!~r]. f..ur~atus; tubesnout ,~ulorhynchus
flavidus; and vermilion rockfish, Seb~~~~_ min~atus. We believe that
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the change from a dominant surface kelp canopy of Nereocystis to a
dominance of subsurface kelps has led to a sharp decline in midwater
fishes such as the surfperch, particularly the kelp surfperch and the
tubesnout.
The increase in abundance of subsurface kelps appears to have led
to a decline in abundance of foliose red algae and articulated
coralline algae, possibly because of reduced light beneath the
canopy. If indeed there has been a significant decline in the algal
turf this in turn may have caused the decreased abundance of black
and striped surfperch (Alevizon 1975), and other fishes that depend
wholly or in part on the algal turf for food.
The absence of demersal, cryptic fishes from the most recent
surveys, such as wolf-eels, ronquils and clinids, may be due to the
low abundance of these fishes in the study area, diver observation
errors, or possibly changes in the kelp and algae community. At
North Control stations smooth ronquil; Pacific sanddab,
Ci":.~~~ichthy~ sordidus; fringeheads, Neoclinus spp.; rainbow
surfperch, kelp clingfish, ~~mic~l~muscarum; and California
sheephead, Semicossyphus pulcher were not recorded during this most
recent sampling period (1979-1982). The absence of midwater fishes
and those usually associated with surface canopy kelps, such as
rainbow surfperch and California sheephead, are probably due to
changes in the kelp community (rainbow surfperch), or very low
natural abundance in the study area (California sheephead).
The new species observed during the most recent series of
surveys, both in Diablo Cove and the North Control, probably have
always been in the study area. Their low numbers or cryptic
behavior could explain their absence during the earlier studies. Our
inclusion of the giant sea bass in the 1980 North Control observation
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is based on one sighting of a fish approximately 40 to 50 lb in
weight. Unfortunately the sighting cannot be fully confirmed as only
one diver made the observation.
The most interesting aspect of all of the fish observation data
is the apparent sharp decline in the percent Fa of some fishes, and
increase in percent Fa of other species. The decline of striped
surfperch, senorita and adult blue rockfish in both Diablo Cove and
the North Control we believe are the result of changes in the kelp
community, from a surface canopy of Nereocystis to a subsurface
canopy community composed of Pterygophora and Laminaria. The
apparent decline in abundance of juvenile (fish of the year) blue
rockfish, probably reflects several years of poor spawning success
along the entire central California coast, as similar declines have
been observed in Monterey Bay (Robert N. Lea, Pers. Comm.).
The decline in lingcod abundance was first noted during our
earlier studies (Gotshall et a1. 1984). This continuing low
abundance of lingcod is most likely due to a series of low
recruitment years due to unfavorable environmental conditions. The
apparent decline in abundance (observations) of kelpfish may be due
to declines in abundance of their habitat of foliose red algae and
coralline algae turf. This apparent decline in the algal turf may
also have allowed for an increase in abundance of coralline
sculpins, which seem to prefer an encrusting coralline algae habitat.
In summary, if our fish observation data truly reflects the
relative abundance of fishes in the study areas, then it appears that
the changes recorded in the abundance of kelp and algae have directly
or indirectly resulted in changes in the abundance and species
composition of fishes in Diablo Cove and the North Control. These
changes have favored some demersal species and forced some mid-water
fishes to seek new habitat.
170
6.2 O.25-m2 Quadrats
6.2.1 Biomass of Soft Red and Green Algae (by B. B. Hatfield)
The primary objectives of this study were to test for temporal
stability of soft alga biomass at each study area, to test for
comparability of soft algae biomass among study areas, and to see if
soft alga is distributed by depth at each study area.
6.2.1.1 Materials and Methods
The location of study areas (Figure 6-1) and methods and
materials used in locating and conducting random subtidal O.25-m 2
quadrat studies remained consistent with those of Gotshall et al.
(1984). Slight differences in handling algal samples were described
in Section 5.1.1.1.1. Algae used in this study were selected to
include all species/species complexes used by Gotshall et al. (1984).
However, for the years covered in this report larger complexes of
algae were used (Table 6-23), so several of the selected taxa of the
two reports are not comparable. Marine Algae of California by Abbott
and Hollenberg (1976) was used to identify algal species.
Statistical analysis of the algal data for this report also
varies from the analysis used in the report covering the years 1973
through 1978 (Gotshall et al. 1984). Statistically significant
differences in total soft algal biomass and selected taxa among years
at each area, and among study areas for combined years were detected
using the Kruskal-Wallis test. To find pairwise differences when the
Kruskal-Wallis test was significant, Dunn's multiple comparison test
was used with an experimentwise error rate of 0.1. Detection of
differences in depth distribution of total soft algae was also made
by the Kruskal-Wallis test. Dunn's multiple comparison test
(Hollander and Wolfe 1973) was used to determine between what 10 ft
intervals the difference(s) existed.
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In this study south and north Diablo Cove were treated as
distinct study areas. They were not combined when making a
comparison with North Control as was done in Gotshall et a1. (1984).
Twelve stations (four 0.25-m 2 quadrats each) were surveyed at both
south and north Diablo Cove, and 24 at North Control. Slight
variations in the above sample sizes did exist and are given in the
results. Approximately one third of all stations in each study area
were located in water greater than 25 ft in depth. All stations
surveyed in 1979 subtidal studies were in water less than or equal to
25 ft in depth. For this reason data from 1979 were not included in
this report.
In this report alga abundance is synonomous with algal biomass
and refers to grams dry weight per 0.25 2 quadrat.
6.2.1.2 Results
6.2.1.2.1 South Diablo Cove
Recorded water temperatures on sampling days at south Diablo Cove
ranged from a mean of 51.6°F in 1980 to 54.9°F in 1981. South Diablo
Cove had the highest mean percent sand substrate for the three years
combined of any of the study areas (Table 6-24). For days surveyed,
water visibility for the three years averaged 25.4 ft.
Total soft red and green algal abundance at SOC did not differ
significantly among years (Table 6-25 and Figure 6-43). Further
evidence of soft algal stability was demonstrated when none of the
selected species/species complexes was found to change in abundance
over time (Table 6-25 and Figures 6-44 through 6-51). Together the
selected taxcomprised 72.1% of the overall biomass collected at south
Diablo Cove. Seven of the eight selected taxa were among the 10 most
abundant species/species complexes found at this study area (Table
6-26). Although soft algae abundance differed significantly among
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10 ft depth intervals (P ~ 0.05), no single 10 ft interval exhibited
a significantly greater soft alga abundance than all of the rest.
Soft algae were statistically more abundant at depths less than 21 ft
than in depths from 21 to 40 ft. Our sampling did indicate total
soft algae were more abundant in depths from 41 to 50 ft than those
from 21 to 40 ft. However, more soft algae also occurred from 41 to
50 ft (Table 6-27; Figure 6-52).
6.2.1.2.2 North Diablo Cove
The mean bottom temperature measured during dive surveys ranged
from 52.8°F in 1980 to 55.6°F in 1981 at north Diablo Cove. This
area had the least amount of favorable soft red alga substrate
(bedrock and boulder combined) of any study area (Table 6-24). The
mean water visibility on sampling days for three years combined was
23.7 ft.
As in south Diablo Cove, the abundance of all soft red and green
algae combined did not change significantly over time, nor did the
abundance of the eight selected taxa (Table 6-25; Figures 6-53, 6-44
through 6-51). The selected taxa comprised 82.5% of the sampled
biomass, and only Opuntiella californica was not among the 10 most
abundant at north Diablo Cove. As in south Diablo Cove, several
non-selected algae were dominant in terms of biomass at this study
area (Table 6-28).
The test for differences in abundance among 10-ft depth intervals
revealed soft algae to be significantly more abundant in depths less
than 11 ft than at any other depth (Table 6-27; Figure 6-52).
6.2.1.2.3 North Control
North Control had the highest recorded overall mean bottom water
temperature during surveys of any study area. This was probably a
reflection of warmer temperatures usually occurring along the coast
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of California later in the year when this area was surveyed. This
area also had the greatest amount of bedrock within sampled quadrats
(Table 6-24). At North Control, recorded mean water visibility was
17.2 ft during the time of sampling. Subtidally, this study area had
the most soft algae of the three areas, and it too was stable among
years (Table 6-25 and Figure 6-54). However, three of the selected
taxa, Callophyllis spp., Opuntiella californica, and Gigartina
complex, demonstrated significant changes in abundance over time
(Table 6-25; Figures 6-45, 6-46, and 6-50). Only Gigartina complex
exhibited enough change for Dunn's multiple comparison to detect a
difference between years (1980 and 1982).
All eight selected taxa were among the ten most abundant found at
North Control. They made up 95 percent of the overall biomass (Table
6-29). Total soft algal abundance differed significantly (P ~ 0.05)
among 10-ft depth intervals at North Control. The biomass at depths
between 1 and 10 ft, and between 11 and 20 ft were not significantly
different, but both of these depth intervals contained more soft
algae than any of the intervals deeper than 20 ft. (Table 6-27;
Figure 6-52).
6.2.1.2.4 Comparison of Study Areas
We found North Control, with an overall mean of 82.7 9 per 0.25-m2
quadrat, supported over two and one-half times as much subtidal soft
algae as did north Diablo Cove. North Diablo Cove had a sample mean
three times greater than that of south Diablo Cove (Figure 6-55).
Considering this disparity in sample abundance it is not surprising
that all study areas were significantly different in total soft red
alga biomass (Tables 6-30 and 6-31).
Seven of the selected species/species complexes also showed
little similarity in abundance among study areas. Only Opuntiella
californica did not differ significantly in biomass among study areas
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(Table 6-30; Figures 6-56 through 6-63). Of the seven pairwise
differences detected by Dunn's multiple comparison test, four were
between south Diablo Cove and North Control (Table 6-31).
In terms of relative composition, over 65% of the total soft alga
biomass in each study area was made up of two alga complexes. Only
four species/species complexes at North Control individually
comprised at least one percent of the total soft alga biomass. In
contrast, six species/species complexes at south Diablo Cove and
seven at north Diablo Cove made up at least one percent of the soft
alga biomass of their respective areas (Figures 6-64 through 6-66).
6.2.1.3 Discussion
Although significant differences among study areas in total soft
red and green alga biomass and seven of the eight selected species/
species complexes were found in this study, considerable stability
over time in total soft alga biomass and selected taxa biomass at
each study area was observed.
Statistical tests used by Gotshall etal. (1984), were not
identical to those we used in this report. However, several of the
results in the report covering the years 1973 through 1978 (Gotshall
et al. 1984) are supported by the findings in this report. In both
reports, North Control was found to have significantly more soft
algae than did either south or north Diablo Cove, and north Diablo
Cove was shown to have greater soft alga abundance than did south
Diablo Cove. The two reports also demonstrated considerable
differences in biomass of selected species/species complexes among
study sites, but both found one, Opuntiella californica, to have a
similar abundance in each area.
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Other researchers have reported an inverse relationship between
soft alga recruitment and growth, and the density of canopy forming
brown algae, indicating competition for light and possibly anchoring
substrate (Pearse and Hines 1979, Cowen, Agegian, and Foster 1982,
Reed and Foster in press). The considerable differences in soft alga
abundance among study areas are probably related in part to the
differences in combined densities of Laminaria dentigera and
Pterygophora californica among study areas. North Control, which has
by far the most soft algae, has much less canopy forming brown algae.
The depth distribution of soft algae at North Control might also be
related to the greater density of Pterygophora, which outnumbers
Laminaria at this study site, in depths greater than or equal to 25 ft.
It is our belief, based on observations, that a reduction in soft
red and green algae occurred at Diablo Cove after the dramatic
increase in brown algae from 1974 to 1975 as a result of sea otter
foraging (see Section 6.2 and 8.1). Unfortunately, the soft red and
green alga biomass study was not begun until 1977.
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6.2.2 Percent Cover of Articulated Coralline Red Algae
(by B. B. Hatfield)
The purpose of this study was to assess whether articulated
corallin~ algae differ in cover over time at each study area, and to
see if this cover is similar among the study areas.
6.2.2.1 Materials and Methods
Materials and methods used to survey and analyze percent cover of
subtidal articulated coralline algae (henceforth called coralline
algae) were identical to those used in the intertidal coralline algae
study (Section 5.1.1.2). The quadrats surveyed were the same ones
surveyed for the subtidal red and green alga biomass study (Section
6.2.1.1), at south and north Diablo Cove and North Control (Figure 6-1).
As in the intertidal coralline alga study, all species of
articulated coralline algae found in the study areas were included in
this group.
6.2.2.2 Results
In contrast to NDC and NC, the Kruskall-Wallis test did not
detect any signficant differences (P ~ 0.05) in coralline algal cover
among years at SOC (Table 6-32). Both north Diablo Cove and North
Control exhibited instability over time in coralline algal cover.
Significant differences in cover existed between 1981 and 1982
(Figure 6-67) as identified by the Dunn1s multiple comparison test.
A significant difference (P ~ 0.05) in coralline alga cover was
found among the three study areas. Dunn1s multiple comparison test
showed North Control's coralline alga cover to be significantly
greater than that at either south or north Diablo Cove. No
significant difference was detected between south and north Diablo
Cove in this respect (Figure 6-68).
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6.2.2.3 Discussion
The instability of coralline algal cover among years at north
Diablo Cove and North Control, and the stability at south Diablo Cove
cannot easily be interpreted. Neither the apparent changes in
recorded physical variables nor differences among years in abundance
of competitive brown and soft red algae suggest an explanation.
The greater amount of cover found at North Control is possibly
related to a higher percentage of favorable substrate and less
competition for light from subtidal canopy-forming kelps at this
study area.
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6.2.3 Invertebrates (by J. R. R. Ally)
The objective of this study was to evaluate temporal stability in
the density of selected organisms. Thus in each study area for
- - -
combined depths, the null hypotheses (H o) was Ho: X1980 = X1981 = X1982
at P < 0.05, where Xis the mean count per O.25-m 2 of a given
invertebrate.
South Diablo Cove data were analyzed separately from those of
north Diablo Cove because the thermal impact of the power plant is
expected to be greater in the southern part of the cove (Doyle Jr.
1979).
In 1979, invertebrates were surveyed only at depths of 1 to 25 ft.
This deviation from the study design (1 to 60 ft depths) necessitated
the exclusion of 1979 data from analysis.
6.2.3.1 Materials and Methods
Generally the survey was conducted between June and October of
each year (Table 6-24), and the analysis was done on the same 13
organisms (Table 6-33) as those analyzed in the report covering the
years 1973 through 1978 (Gotshall et al. 1984).
Except for the use of underwater flashlights in 1981 and 1982,
the field materials and methods used between 1980 and 1982 were the
same as those reported by Gotshall et al. (1984).
The term IIdensityll is defined as "mean count per 0.25-m2 ," and
substrate is defined as in Section 6.1.1.1.
To test the null hypothesis, the nonparametric Kruskal-Wallis
test was used. Where a significant difference was found, Dunn's
multiple comparison test (Hollander and Wolfe 1973) was used at an
experimentwise error rate of 0.1 to determine significantly different
densities between any two groups.
6.2.3.2 Results
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6.2.3.2.1 South Diablo Cove
From temperatures taken by us during the annual surveys, the
highest mean surface and bottom temperatures (56.7 and 54.9°F,
respectively) for this area occurred in 1981 (Table 6-24). On
average for the study, 78% of the sampling was done on bedrock
substrate (Table 6-24).
Of the 13 organisms surveyed, the most abundant at most depth
strata sampled was Balanophyllia elegans; Haliotis rufescens was not
found at any depth stratum (Tables 6-34 through 6-46).
Except for ~. rufescens, the densities of all organisms surveyed
varied among years (Figures 6-69 through 6-81). The Kruskal-Wallis
test showed a significant difference in the density of only Tegula
brunnea (Table 6-47); Dunn's multiple comparison test showed a
significant difference only between 1980 and 1982.
6.2.3.2.2 North Diablo Cove
Like south Diablo Cove, the higest mean surface and bottom
temperatures (56.8 and 55.6°F, respectively) for this area occurred
in 1981 (Table 6-24). On average for the study, 64% of the sampling
was done on bedrock substrate (Table 6-24).
As with south Diablo Cove, the most abundant organism surveyed in
this area at most depth strata sampled was Balanophyllia elegans.
Haliotis rufescens was not found at any depth stratum (Tables 6-34
through 6-46).
Except for H. rufescens, the densities of all organisms surveyed
varied among years (Figures 6-69 through 6-81). The Kruskal-Wallis
test showed a significant difference in the densities of five of the
13 organisms (Table 6-47); Dunn's multiple comparison test showed no
significant difference between any two years for Acmaea mitra, and a
significant difference was found between only one of three pairs of
years for the other four organisms (Table 6-48).
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6.2.3.2.3 North Control
From temperatures taken by us during the annual surveys in this
area, the highest mean surface and bottom temperatures (58.0 and 57.5°F,
respectively) occurred in 1982 (Table 6-24). On average for the
study, 83% of the sampling was done on bedrock substrate (Table 6-24).
The most abundant organism surveyed in this area at most depth
strata was Balanophyllia elegans, and the least abundant was Haliotis
rufescens (Tables 6-34 through 6-46).
The densities of organisms surveyed varied among years (Figures
6-69 through 6-81). The Kruskal-Wallis test showed a significant
difference in the density of only Strongylocentrotus franciscanus
(Table 6-47); Dunn's multiple comparison test showed no significant
difference between any two years.
6.2.3.3 Discussion
Except for Tegula brunnea in south Diablo Cove, five organisms in
north Diablo Cove (Table 6-47), and Strongylocentrotus franciscanus
in North Control, the data for the organisms tested support the null
hypothesis of equal densities over time in each study area.
A statistical analysis of the data in this report and those of
the report covering the years 1973 through 1978 (Gotshall et al.
1984) was not made because of the time constraint mentioned in the
introduction of this report.
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6.3 Baited Station Fish Counts (by D. W. Gotshall)
This is a new study initiated in the fall of 1980 to obtain
catch-per-unit-of-effort (CPUE) data to detect changes in abundance
of dominant fishes in Diablo Cove and North Control. The method was
first tested and used during the Department of Fish and Game's
studies at the proposed Liquified Natural Gas Terminal site at Little
Cojo Bay, Cal.ifornia (Gotshall, in press).
6.3.1 Materials and Methods
At the random stations used for arc and quadrat surveys, the
divers laid out two lengths of chain, each 2 m in length in a crossed
pattern. The chains were connected in the middle by a shackle, thus
the chains delimit a study area 1 m in radius or 3.14-m 2 • The
station was baited using a plastic container perforated with small
holes and containing one half pound of cut up squid, Loligo
opalescens, and one half pound of cut up anchovy, Engraulis mordax.
This container was attached to the chains where they cross. At the
signal of the dive team leader, each diver began to count and record
all fishes that entered the 3.14-m area, within 1 m of the bottom, at
one minute intervals for 10 minutes. At the end of the first 10
minute count, divers swam 30 m up coast from the first site (north or
northwest compass bearings) and repeated the procedure.
Three different types of CPUE data were available from the
counts: the average count per minute; the maximum one minute count,
and the actual total number of each species observed by the divers
during the 10 minute count. For convenience we chose to use the
total counts for the 10 minute period for our analysis.
At each counting site divers also recorded horizontal visibility,
depth, substrate, numbers of Laminaria and Pterygophora and
Nereocystis stipes, number of Macrocystis holdfasts, and the percent
coverage of foliose red algae.
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We tested the Fall 1980 and Spring 1981 fish count data (total of
each species observed during a 10 minute count) for six species and
total fish with the Kolmogorov-Smirnov Goodness of Fit Test to
determine whether the data should be analyzed with ANOVA or a
nonparametric test. As a result, 35 of the 42 tests rejected the
null hypothesis that the data were normally distributed (Table 6-49).
Therefore, the nonparametric Mann-Whitney (M-W) and Kruskal-Wallis
tests were used to analyze the data. Dunn's multiple comparisons
(Hollander and Wolfe 1973) were then used to locate where the
significant differences occurred.
Our analysis was limited to 10 of the most abundant fishes:
Coralline sculpin, Artedius corallinus; Snubnose sculpin,
Orthonopias triacis; Cabezon, Scorpaenic~tht~ marmoratus; striped
surfperch, Embiotocalateralis; kelp greenling, Hexa9.rammos
decagrammus; lingcod, Ophiodon ~~~~~tus; painted greenling,
Oxylebius ~ictu~; gopher rockfish, ~~bastes carnatus; black-and-
yellow rockfish, ~. chrysomelas; and blue rockfish, ~. ~ystinus. In
addition, we performed statistical tests on total fishes.
The null hypotheses tested were: 1) there were no differences in
abundance (counts) of each species between shallow stations « 25 ft)
and deep water stations (> 25 ft); there were no differences in
counts among areas and there were no differences in counts at each
study area among sampling periods. Sampling was conducted from:
August through December 1980 (F80); April through June 1981 (S81);
October through November 1981 (F81); April through June 1982 (S82);
and during November 1982 (F82).
6.3.2 Results
Our divers completed counts at 420 sites (3.14 m ) in Diablo Cove
and the North Control between August 1980 and November 1982. A total
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of 3,372 fishes was recorded at the sites (Tables 6-50 through 6-52).
These fishes represented 30 species. Three fish were not
identifiable past genus.
6.3.2.1 South Diablo Cove
In south Diablo Cove (SOC) we counted 661 fishes at the 120
stations during the five sampling periods (Table 6-50). The three
most frequently observed species were black-and-yellow rockfish,
painted greenling and snubnose sculpins, respectively (Table 6-53).
6.3.2.1.1 Comparison of Counts Between Depths
The test of the null hypothesis that there was no difference
between counts of fishes at deep stations when compared to shallow
stations for the 10 selected species and total fishes indicated that
in SDC four species showed significant difference in counts at
shallow and deep stations (Table 6-54). Cabezon and black-and-yellow
rockfish were more abundant at shallow stations, while painted
greenling and gopher rockfish were more abundant at deep stations.
6.3.2.1.2 Comparison of Counts Among Sampling Periods
The null hopothesis that there were no differences in counts at
the baited stations in SOC between the five sampling periods was
rejected for total fishes (Table 6-55; Figures 6-82 through 6-87) and
five species: coralline sculpin, snubnose sculpin, striped
surfperch, painted greenling, and blue rockfish. The other species
did not show significant differences in counts between sampling
periods (Figures 6-88 through 6-92). Dunn's multiple comparison
tests indicated that most of the significant differences were between
F80 and F82 counts, and between fall and spring counts in the case of
the stripped surfperch, blue rockfish and total fishes (Table 6-56).
6.3.2.2 North Diablo Cove
A total of 847 fishes was observed at the 120 fish count stations
in NOe from August 1980 through November 1982 (Table 6-51). Of these
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fishes, 21 were identified to species and 2 to genera only. Black-
and-yellow rockfish, blue rockfish and striped surfperch were the
three most frequently observed fishes, respectively (Table 6-53).
6.3.2.2.1 Comparison of Counts Between Depths
Painted greenling were the only fish that yielded a significant
difference in counts between shallow and deep stations (Table 6-54).
Counts were higher at stations deeper than 25 ft.
6.3.2.2.2 Comparisons of Counts Between Sampling Periods
Three species and total fishes showed significant differences in
counts between the five sampling periods: striped surfperch,
lingcod, and blue rockfish (Table 6-55; Figures 6-84, 6-86, and
6-90). These differences in counts generally occurred between F80
and F81, F80 and F82, F81 and F82 and between most fall and spring
counts (Table 6-56). Dunn's multiple comparison test did not show
any significant difference for lingcod between any two periods. The
counts of the remaining fish species tested fluctuated' from sampling
period to sampling period but these changes were not significant
(Figures 6-82, 6-83, 6-85, 6-87 through 6-89, 6-91, and 6-92).
6.3.2.3 North Control
The greatest number of fishes was observed at NC baited stations;
a total of 1933 fishes during four sampling periods. We were unable
to conduct surveys in the NC during the spring of 1981 (Table 6-52).
The three most common fishes of the 27 species and two genera
identified were blue rockfish, black-and-yellow rockfish and striped
surfperch, respectively (Table 6-53).
6.3.2.3.1 Comparison of Counts Between Depths
Five species were significantly more abundant at stations deeper
than 25 ft: snubnose sculpin, lingcod, painted greenling, gopher
rockfish and blue rockfish (Table 6-54). When we compared the
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abundance between deep and shallow stations all fishes combined, the
M-W test indicated that there were significantly more fishes
attracted to the deeper baited stations.
6.3.2.3.2 Comparison of Counts Between Sampling Periods
As in the other study areas, striped surfperch and blue rockfish
showed significant differences in counts between study periods
(seasons) (Table 6-55; Figures 6-84 and 6-86). Three other species
as well as total fishes also showed significant differences in counts
between seasons in NC: coralline sculpin, kelp greenling and black-
and-yellow rockfish (Figures 6-82, 6-89 and 6-92). Counts of other
species fluctuated but were not statistically significant (Figures
6-83 through 6-88, 6-90 and 6-91). The differences in counts for
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black-and-yellow rockfish, total fishes and striped surfperch were
between fall and spring counts (Table 6-56).
6.3.2.4 Comparison of Counts Between Study Areas
We tested the fish counts from each of the three study areas by
sampling period as well as all periods combined. Fishes that
produced significant differences when all study periods were tested
were: coralline sculpin, snubnose sculpin, cabezon, striped
surfperch, painted greenling, gopher rockfish, blue rockfish and
total fish (Table 6-57). Striped surfperch and blue rockfish also
showed significant differences for four of the five study periods.
Coralline sculpin, snubnose sculpin, and painted greenling were most
abundant (highest counts) at SOC; cabezon were most abundant at NOC
stations; and striped surfperch, gopher rockfish, ~lue rockfish, and
total fishes were most abundant at NC stations. For the striped
surfperch the differences were between NOC and SOC (Fall 1980), NOC
and SOC (Fall 1981 and all periods combined), NOC and NC (Fall 1981)
and NOC and NC (Fall 1982). Significant differences in counts of
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blue rockfish occurred mainly between NOC and SOC (Fall 1980, 1982,
all periods combined) and SOC and NC (Fall 1980, 1981, all periods
combined) (Table 6-58).
6.3.3 Discussion
We have been attempting to quantify subtidal fishes since we
began our studies in 1973. Our attempts have included counts along
the permanent transects established by Burge and Schultz (1973),
counts at random 30-m2 arcs and 0.25-m2 quadrats, and counts during
specific time periods at various locations in Diablo Cove. All of
these methods are subject to several uncontrolled factors that may
cause variation. These factors include: subjectivity in the divers'
ability to judge distances and sizes of fish along the transect; the
amount of time each diver spent searching the water column,
substrate, and crevices; the ability of divers to identify fish,
particularly those at the outer edge of visibility; and the varying
behavior of species to either be attracted to or repelled by the
divers. The validity of the techniques listed above in the Diablo
Canyon area has been further questioned because of the heavy surge
and turbidity that occur there most of the year. The surge hampers
the divers' ability to identify and count fish, and can also cause
some species that live near or on the bottom to seek shelter in caves
and crevices where divers may not see them. There is also the
problem of the accuracy of divers' counts when large schools of fish
(50 to 100) swim through stations.
The use of baited stations to attract fish to a small
standardized area where the divers could count and accurately
identify the fish was first utilized in the Department's studies of
the proposed LNG terminal site at Little Cojo Bay near Point
Conception (Gotshall, in press). This method is selective only for
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those species that are attracted to the type of bait being used, and
not repelled by the presence of divers. Thus, the method cannot be
used for herbivores, planktivores or fishes that spend most of their
feeding time at mid depths or near the surface.
One way of determining whether the baited stations are attracting
a representive sample of the demersal carnivores and omnivores in a
particular study area is to compare the percent frequency of
occurrence of fishes at our 30-m 2 arc stations with the percent
frequency of occurrence at the baited stations. All of the 10 most
frequently observed fishes at Diablo Cove baited stations were among
the 10 most frequently observed fishes at 30-m 2 areas, except
kelpfish (Gibbonsia spp.) (Tables 6-53 and 6-59). Eight of the 10
most frequently observed species were also among the top 10 ranked
species at 30-m 2 arcs in the North Control. The baited stations
attracted 30 of the 36 species observed at Diablo Cove and North
Control at 30-m 2 arcs from 1974 through 1982 (Tables 6-20, 6-22, 6-50
through 6-52).
Another indication of how close the baited station counts may
represent the Diablo Cove fish fauna is the comparison with benthic
counts at permanent transects in Diablo Cove monitored by Thermal
Effects Monitoring Program (TEMP) biologists, although these are not
directly comparable because the TEMP data is in the form of counts
rather than percent frequency of occurrence. Seven of the top 10
ranked species at our 30-m 2 arc in Diablo Cove were among the top 10
ranked fishes counted at TEMP benthic transects from 1976 through
1982; and six of the 10 most frequently observed fishes at Diablo
Cove baited stations were also on the TEMP top 10 list (Ron
Massengill, pers. camm.). The species missing from the TEMP list
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were lingcod, snubnose sculpin, gopher rockfish, coralline sculpin,
and kelp greenling. Most of the differences are probably due to the
fact that the TEMP stations are shallower than 25 ft.
Based on these comparisons and previous studies (Gotshall, in
press), we believe that the baited fish stations data are an accurate
index of the abundance of those species attracted to the stations.
Thus the significant differences between depths, sampling periods,
and between study areas should represent actual differences in
abundance.
6.3.3.1 Differences Between Depths
Those fishes that were significantly more abundant at deep
stations (> 25 ft) were: gopher rockfish (SOC, NC); painted
greenlings (SOC, NC); and blue rockfish (NC). Cabezon and black-and-
yellow rockfish were more abundant at SOC shallow stations.
Previous studies have shown the bathymetric separation of gopher
and black-and-yellow rockfish, black-and-yellow rockfish preferring
shallow reefs and gopher rockfish preferring deeper reefs (Larson
1980). Thus the differenes in counts for these two species represent
their habitat preferences. De Martini and Anderson (1980) reported
that painted greenlings were most abundant in depths of 15 to 30 m
(49 to 98 ft) off southern California. Our observations of more
painted greenlings at baited stations deeper than 25 ft fit this
pattern. We have no reason to believe that the significant
differences in counts between deep and shallow stations for the other
fishes are due to factors other than habitat preferences.
6.3.3.2 Differences Between Sampling Periods
Changes in abundance over time were exhibited by coralline
sculpins (SOC, NC), snubnose sculpins (SOC), painted greenlings
(SOC), blue rockfish (SOC, NDC, NC), striped surfperch (SOC, NDC, NC)
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and black-and-yellow rockfish (NC). Total fishes also showed a
significant seasonal change in abundance.
Both blue rockfish and striped surfperch were more abundant
during fall sampling periods than during spring counts. This
parallels results from the TEMP benthic stations in Diablo Cove
(Ron Massengill, pers. comm). A similar seasonal pattern has been
observed at the Diablo Intake Cove intake screens for striped
surfperch (Behrens and Larson 1978). Miller and Geibel (1973) also
noted lower abundances of blue rockfish and striped surfperch during
late winter and early spring off Monterey. It is possible that both
species moved out of the study areas during the spring due to
spawning or feeding behavior. Gotshall, Smith, and Holbert (1965)
found that blue rockfish were less susceptible to baited hook-and-
line gear during April and May than any other time during the year
and they speculated that this was due to the large amount of
planktonic food available to the fish after upwelling. Thus blue
rockfish may not be as susceptible to bait attraction during periods
of heavy planktonic blooms.
The difference in counts between sampling periods for coralline
sculpins occurred primarily in the spring of 1982 in all study areas,
and we have no explanation for this apparent decline in abundance.
Snubnose sculpins and painted greenlings also showed a trend toward
lower spring counts, particularly at SON and NC stations; this
apparent movement could be due to spawning or feeding behavior.
Lingcod at NDC stations showed an increasing trend in counts from
the fall of 1980 through Fall 1981, then a decline in the spring and
fall of 1982. We have no explanation for this apparent decline in
abundance, particularly since it occurred in only one of the study
190
areas. This also applies to the significant fluctuations in counts
of kelp greenlings and the complete lack of black-and-yellow rockfish
during the spring of 1981 at NC stations.
As with the blue rockfish and striped surfperch, total fishes
showed a difference between fall and spring counts at all study
areas. Spring counts were generally lower than fall counts. This
phenomenon has also been observed at TEMP stations in Diablo Cove
(Ron Massengill, pers. comm.) and at baited stations at Little Cojo,
just south of Pt. Conception (Gotshall, in press). These apparent
movements of some species out of the study areas are probably due to
feeding and/or spawning behavior.
6.3.3.3 Differences in Counts Between Study Areas
Our data indicated that there were significant differences in
abundances (counts) between the three study areas for several species
when all sampling periods were combined. All of these differences
probably represent the differences in habitat present in each of the
study areas. For example SOC substrate contains only small amounts
of erect coralline and foliose red algae. The rocks have large, open
areas covered with encrusting coral lines. This type of habitat seems
to be preferred by coralline sculpins, snubnose sculpins and painted
greenlings. The NC area has more high profile reefs and in some
areas, more surface canopy kelps (Nereocystis and Macrocystis). From
observations in other areas in central California, blue rockfish
appear to prefer this type of habitat.
Because of the apparent high quality of data obtained from the
baited stations, and the five sampling period baseline we have
established, particularly for the important fishes in the study
areas, we strongly recommend that this study be continued as part of
the overall fish studies both prior to and after the plant begins
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operating. Since our data as well as TEMP studies indicates that
highest abundance for most fishes occurs during the fall months we
also recommend that the counts only be conducted during this period.
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6.4 Bull Kelp Transects (by B. B. Hatfield)
The objective of this study was to test the following null
hypotheses (Ho):
1) in each study area for combined depths,
HO:X1980 = X1981 = X1982
at P ~ 0.05, where X is the mean number of bull kelp, Nereocystis
leutkeana, stipes per 60-m 2 ;
2) fer combined years and combined depths,
Ho'X = X - X
. south Diablo Cove north Diablo Cove - North Control
at P ~ 0.05, where Xis the mean number of Nereocystis stipes per
6.4.1 Materials and Methods
Materials and methods used for this study were identical to those
begun in 1975, explained by Gotshall et al. (1984). Briefly,
Nereocystis stipes were counted in randomly located 30- by 2-m
transects. Twelve of these 60-m2 transects were sampled in 1980,
1981, and 1982 at both south Diablo Cove (SOC) and north Diablo Cove
(NOe), and 24 were sampled each year at North Control (NC) (Figure 6-1).
The same statistical tests used for the subtidal 30-m2 brown algae
study (Section 6.1.1) were used for this study to test the null
hypotheses.
The only physical variable measured during this stl.ldy was water
temperature, and due to the experimental procedure temperatures
recorded during the subtidal O.25-m 2 quadrat study also apply to this
study.
6.4.2 Results
The Kruskal-Wallis test found a significant difference over ti~e
in Nereocystis densities only at NOC (Table 6-60; Figure 6-93).
However, Ounn1s multiple comparison procedure did not distinguish
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between which years this difference occurred. In comparing study
areas, a significant difference (P=O.006) was found, but again, the
Dunn's multiple comparison test did not identify the areas between
which the difference existed. The greatest disparity in mean counts
for combined years was between NDC and SOC (Figure 6-94).
6.4.3 Discussion
The amount of each substrate type was not visually estimated
during this study. Because of this, the results of this study should
be compared cautiously with the results of the subtidal 30-m2 brown
algae study (Section 6.1.1), since one may have had considerably
higher percentages of unfavorable or favorable substrate for
Nereocystis than the other.
The mean number of Nereocystis stipes per 60-m2 in the years 1975
through 1978 (Gotshall et al. 1984) was considerably higher than
observed in this study in 1980, 1981 or 1982 - especially in Diablo
Cove. During these later years, lower Nereocyst~ densities in the
study areas were also found in both the random 30-m2 study and the
bull kelp censuses from shore (see Sections 6.1.1 and 7.1). A
possible explanation for the observed decrease in Nereocystis
densities, involving competition with subsurface canopy forming kelps
within the range of sea otters, is discussed in Section 6.1.1.3.
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TABLE 6-1. Physical Parameter Statistics for Subtidal 30-m2 Quadrats
Mean percent substrate
Survey Mean temperature(OF) Sand Gravel Cobble 20ulder
Year peri od(months) Surface Bottom (s 1/8 in.) (> 1/8 < 1/2 in.) (> 1/2 < 6in.) (> 6 in.) Bedrock.
South Diablo Cove
1980 Jun-Jul 53.1 51.5 11.2 10.3 8.4 8.3 61.7
1981 Jun-Jul 56.7 55.0 9.5 11.6 7.6 7.9 65.7
1982 Ju1-Aug 53.9 52.8 17.1 5.4 6.7 30.6 40.2
Combined
Years 54.6 53.1 12.6 9.1 7.5 15.6 55.9
North Diablo Cove
------_._-
1980 Jun:Jul 53.8 . 52.7 4. 1 14.4 10.1 14.6 56.2
1981 Jul-Aug 56.6 55.2 8.5 11.7 14.1 9.9 55.4
~ 1982 Jul-Aug 53.9 53.1 17.8 1.2 6.8 31.2 43.2(J1
Corrbined
51.6Years 5(.8 53.7 10.1 9.1 10.5 18.6
North Control
75.51980 JulOOAug 55.4 54.3 12.3 3.0 5.0 4.2
..
1981 Aug-Oct 55.6 . 55.2
·7.4 4.5 7.8 11.2 69.0
1982 Aug-Oct 57.8 57.2 8.2 3.5 6.0 13.2 £9.1
Combined
71.2Years 56.2 55.6 9.3 3.7 6.3 9.6
TABLE 6-2. P Va~ues for the Kruska1-Wa11is Test on Counts Per30-m Quadrats Among Years (1980-1982) of Three
Species of Brown Algae for Combined Depths (1-60 ft)
South Diablo North Diablo North
Species Cove Cove Control
Laminaria dentigera 0.928 0.245 0.272
Pterygophora aaUforniaa 0.030* 0.687 0.202
Nereoaystis ~eutkeana 0.368 0.027* 0.023*
*Significant at P ~ 0.05
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TABLE 6-3.
Species
P Values2for the Kruskal-Wallis Test on CountsPer 30-m Quadrats Among Study Areas of Three
Species of Brown Algae for Combined Years
(1980-1982) and Depths (1-60 ft)
P Values
La.minaJUa. de.n:Ug eJta.
PteJLygophoM c.aU6o!l.J'U.ca.
NeJLeoey~~ leutkeana
*Significant at P ~ 0.05
+P < 0.0005
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+ *,
+ *,
0.001*
TABLE 6-4. Dunn's Multiple Comparison on Counts Per 30-m
2
Quadrats Among South Diablo Cove (SDC), North
Diablo Cove (NDC) and North Control (NC) of Three
Species of Brown Algae for Combined Years (1980-
1982) and Depths (1-60 ft)
SOC SDC
NDC NCSpecies
Laminaria dentigera
Ptel'Ygophora caUfornica
Nereocystis Zeutkeana
X=Significant
x
X
x
x
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NDC
NC
x
X
TABLE 6-5.
Area
P values
2
for the Kruskal-Wallis Test on Counts
Per 30-m Quadrats Between Depths ~ 25 ft and
> 24 ft of Three Species of Brown 'Algae for
Combined Years (1980-1982)
P Values
South Diablo Cove
La.mi.naJUa. denUg eJta.
P~~ygopho~, cali60nnica
N~e.oc.y,td).lJ le.utk.e.ana
North Diablo Cove
La.minaJUa denUg eJta.
P:t~ygopho~ cali60nnica
N~e.oc.y¢~ le.utk.e.ana
North Control
La.minaJUa de.n:UgeJta.
P:t~ygopho~ cali60nnica
N~e.oc.y¢~ le.utk.e.ana
0.374
0.865
0.121
0.242
0.469
0.060
0.122
+ *,
0.004*
*Significant at P ~ 0.05 and more abundant in depths> 25 ft
+P < 0.0005
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TABLE 6-6. Results of Dunn1s ~lultiple Comparisons on Counts Per 30-m2Quadrats Among Years of Two Species of Brown Alage at an
Experimentwise Error Rate of 0.1
Species
1980 1980 1981
1981 1982 1982
South Diablo Cove
X
North Diablo Cove
X
North Control
X= Significant
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TABLE 6-7. Subtidal invertebrates Surveyed in the 30-m2 Quadrat Study
Scientific name
AnthopLeupa eLegantissima/
A. xanthogl'amnriaa
Astl'aea gibbel'osa
Canael' antennanus
Donopsi LLa aLbopunatata/
DendPodons fuLva
HaLiotis :r'Ufesaens
Patina miniata
Pisastel' giganteus
Pyanopodia heUanthoides
Stl'ongyLoaentl'otus fl'anaisaanus
StyeLa monte1'eyensis
Tethya aupantia
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Common name
Aggregating anemone/
giant green anemone
Red top
Rock crab
White-spotted sea goddess/
golden dorid
Red abalone
Sea bat
Giant spined starfish
Sunflower star
Giant r.ed sea urchin
Stalked tunicate
Orange puffball sponge
TABLE 6-8. Statistics for AnthopZeura elegantissima/A. xanthogPammiaa at 10-ft Depth
Strata for 30-m2 Quadrats
1980 1981 1982
Depth Sample Sample ·Sam-ple
Stratum__ Count Mean size Count Mean size Count Mean size
- - --_._-
South Diablo Cove
1-10
11-20 8 2.7 3 18 4.5 4 27 5.4 5
21-30 10 1.7 6 32 5.3 6 21 5.2 4
31-40 4 1.3 3 0 0 2 8 4.0 2
41-50 0 0 1
51-60
61-70
North Diablo Cove
1-10 5 5.0 1
11-20 36 9.0 4 26 6.5 4 53 7.6 7
21-30 116 14.5 8 69 9.9 7 0 0 2
N 31-40 8 8.0 1 0 0 10
N 41-50 0 0 1
51-60
61-70
~-~---~_.- ----_._---
North Control
1-10 ~ 11.5 4 11 2.8 4 81 13.5 - 6
11-20 142 14.2 10 206 18.7 11 111 13.9 8
21-30 30 10. 1 3 31 10.3 3 34 8.5 4
31-40 3 0.8 4 10 2.5 4 20 4.0 5
41-50 1 0.5 2 0 0 1
51-60 7 7.0 1 0 0 1
61-70 0 0 1
TABLE 6-9. Statistics for Astraea gibberosa at 10-ft Depth Strata for 30-m2 Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum Count Mean size Count Mean size Count Mean si ze
South Diablo Cove
1-10
11-20 7 2.3 3 6 1.5 4 7 1.4 5
21-30 65 10.8 6 53 8.8 6 36 9.0 4
31-40 41 13.7 3 23 11.5 2 2 1.0 2
41-50 3 3.0 1
51-60
61-70
North Diablo Cove
1-10 3 3.0 1
11-20 11 2.8 4 7 1.8 4 7 1.0 7
N 21-30 22 2.8 8 25 3.6 7 1 0.5 2
0 31-40 1 1.0 1 6 6.0 1w
41-50 16 16.0 1
51-60
61-70
North Control
1-10 2 0.5 4 7 1.8 4 6 1.0 6
11-20 39 3.9 10 39 3.5 11 22 2.8 8
21-30 23 7.7 3 10 3.3 3 21 5.2 4
31-40 30 7.5 4 31 7.8 4 22 4.4 5
41-50 9 4.5 2 2 2.0 1
51-60 2 2.0 1 6 6.0 1
61-70 6 6.0 1
TABLE 6-10 • Statistics for Cancel' antennaI'ius at 10-ft Depth Strata for 30-m2 Quadrats
1980 1981 1982
Depth Sample Sample Sample
StratllTl Count Mean size Count Mean size Count Mean _size
South Diablo Cove
1-10
11-20 0 0 3 2 0.5 4 1 0.2 5
21-30 0 0 6 12 2.0 6 1 0.2 4
31-40 0 0 3 1 0.5 2 1 0.5 2
41-50 0 0 1
51-60
61-70
North Diablo!ove
1-10 0 0 ,I
11-20 0 0 4 2 0.5 4 0 0 7
N 21-30 0 0 8 1 0.1 7 1 0.5 2
a 31-40 0 0 1 0 0 1~ 41-50 0 0 1
51-60
61-70
North Control
1-10 0 0 4 1 0.2 4 3 0-.-5 - --0
11-20 1 O. 1 10 2 0.2 11 6 0.8 8
21-30 1 0.3 3 0 0 3 1 0.2 4
31-40 0 0 4 1 0.2 4 0 0 5
41-50 1 0.5 2 0 0 1
51-60 0 0 1 0 0 1
61-70 0 0 1
TABLE 6-11 • Stati sti cs for DoriopsiZZa aZbopunatata/Dendrodoris fuZva at 10-ft Depth
Strata for 30-m2 Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum Count Mean size Count Mean size Count Mean size
South Diablo Cove
1-10
11-20 26 8.7 3 36 9.0 4 28 5.6 5
21-30 58 9.7 6 49 8.2 6 38 9.5 4
31-40 19 6.3 3 10 5.0 2 16 8.0 2
41-50 2 2.0 1
51-60
61-70
North Diablo Cove
N 1-10 2 2.0 1
a 11-20 11 2.8 4 8 2.0 4 64 9.1 7tTl
21-30 41 5.1 8 21 3.0 7 61 30.5 2
31-40 16 16.0 1 16 16.0 1
41-50 2 2.0 1
51-60
61-70
North Control
1-10 9 2.2 4 2 0.5 4 15 - - 2:-;--- ~o
11-20 30 3.0 10 14 1.3 11 25 3.1 8
21-30 17 5.7 3 20 6.7 3 35 8.8 4
31-40 24 6.0 4 14 3.5 4 32 6.4 5
41-50 19 9.5 2 12 12.0 1
51-60 11 11.0 1 6 6.0 1
61-70 5 5.0 1
TABLE 6-12 • Statistics for HaZiotis rufescens at 10-ft Depth Strata for 30-m2 Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum Count Mean size Count Mean size Count Mean size
- ----
--_.~~~
South Diablo Cove
1-10
- --~~ --~~ ~---- -- -- --
11-20 a a 3 3 0.8 4 5 1.0 5
21-30 a a 6 12 2.0 6 3 0.8 4
31-40 a a 3 3 1.5 2 9 4.5 2
41-50 a a 1
51-60
61-70
North Diablo Cove
1-10 --_.~-_._- 5 5.1 lN
0 11-20 a a 4 5 1.2 4 14 2.0 7
'" 21-30 3 0.4 8 11 1.6 7 4 2.0 2
31-40 a a 1 a a 1
41-50 3 3.0 1
51-60
61-70
- ------ -----------
North Control
1-10 --4--'-.0 4 5 1.2 4 14 2.3 6
11-20 2 0.2 10 14 1.3 11 15 1.9 8
21-30 a a 3 a a 3 1 0.2 4
31-40 a a 4 1 0.2 4 5 1.0 5
41-50 1 0.5 2 1 1.0 1
51-60 a a 1 a a 1
61-70 1 1.0 1
TABLE 6-13. Statistics for Patiria miniata at 10-ft Depth Strata for 30-m2 Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum Count Mean size Count Mean size Count Mean si ze
South Diablo Cove
1-10
11-20 147 49.0 3 265 66.2 4 455 91.0 5
21-30 755 125.8 6 744 124.0 6 360 90.0 4
31-40 336 112.0 3 262 131.0 2 165 82.5 2
41-50 88 88.0 1
51-60
61-70
North Diab1otove
1-10
~--~~---_._---- _.~ ~ 48 48.0 1N
0 11-20 331 82.8 4 310 77.5 4 564 80.6 7.......
21-30 1532 191.5 8 837 119.6 7 303 151.5 2
31-40 106 106.0 1 127 127.0 1
41-50 203 203.0 1
51-60
61-70
North Control
1-10 45 . 11.2 4 27 6.8 4 176 29.3 6
11-20 343 34.3 10 450 40.9 11 430 53.8 8
21-30 162 54.0 3 209 69.7 3 384 96.0 4
31-40 386 96.5 4 294 73.5 4 561 112.2 5
41-50 81 40.5 2 292 292.0 1
51-60 62 62.0 1 96 96.0 1
61-70 94 94.0 1
TABLE 6-14. Stati sti cs for Pisaster giganteus at 10-ft Uepth Strata for 30-m2 Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum_ Count Mean size Count Mean size Count Mean size
--- -----
South Oiabl0 Cove
1-10
11-20 7 2.3 3 3 0.8 4 3 0.6 5
21-30 4 0.7 6 8 1.3 6 4 1.0 4
31-40 3 1.0 3 2 1.0 2 9 4.5 2
41-50 1 1.0 1
51-60
61-70
---- ---- --- ----- -- North Di ab10- Cove
1-10 0 0 1
N 11-20 3 0.8 4 5 1.2 4 28 4.0 7
0 21-30 46 5.8 8 16 2.3 7 18 9.0 2co
31-40 0 0 1 1 1.0 1
41-50 0 0 1
51-60
61-70
~_ .. - ------
North Control
1-10 0 0 ll-- 0 0 4 2 0.3 0
11-20 7 0.7 10 11 1.0 11 20 2.5 8
21-30 3 1.0 3 11 3.7 3 16 4.0 4
31-40 2 0.5 4 11 2.8 4 38 7.6 5
41-50 20 10.0 2 4 4.0 1
51-60 6 6.0 1 4 4.0 1
61-70 6 6.0 1
TABLE 6-15. Statistics for Pyanopodia helianthoides at 10-ft Depth Strata for 30-m2
Quadrats
1980 1981 1982
Degth Sample Sample SampleStr tum Count Mean size Count Mean size Count Mean size
---_ .._--- - - -
South Diablo Cove
1-10
11-20 20 6.7 3 14 3.5 4 9 1.8 5
21-30 7 1.2 6 14 2.3 6 8 2.0 4
31-40 14 4.7 3 5 2.5 2 3 1.5 2
41-50 0 0 1
51-60
61-70
N North Diablo Cove
0 1-10 2 2.0 1U)
11-20 4 1.0 4 4 1.0 4 1 O. 1 7
21-30 5 0.6 8 14 2.0 7 0 0 2
31-40 1 1.0 1 0 0 1
41-50 12 12.0 1
51-60
61-70
North Contro1
1-10 7 1.8 4 4 1.0 4 6 1.0 6
11-20 8 0.8 10 8 0.7 11 9 1.1 8
21-30 3 1.0 3 0 0 3 7 1.8 4
31-40 8 2.0 4 4 1.0 4 6 1.2 5
41-50 4 2.0 2 0 0 1
51-60 0 0 1 2 2.0 1
61-70 0 0 1
TABLE 6-16. Statistics for StrongyZoaentrotus franeisaanus at 10-ft Depth Strata for
30-m2 Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum Count Mean size Count Mean size Count Mean size
- -- - - ----------
South Diablo Cove
1-10
11-20 a a 3 3 0.8 4 a a 5
21-30 a a 6 a a 6 a a 4
31-40 a a 3 a a 2 a a 2
41-50 a 0 1
51-60
61-70
- - ----------- -
North Diablo Cove
N 1-10 a a 1...
a 11-20 a a 4 1 0.2 4 16 2.3 7
21-30 a a 8 1 O. 1 7 a a 2
31-40 1 1.0 1 a a 1
41-50 a a 1
51-60
61-70
- --
North Control
1-10 a a 4 a () 4 0 a 6
11-20 a a 10 1 0.1 11 a a 8
21-30 a 0 3 1 0.3 3 a a 4
31-40 a 0 4 3 0.8 4 1 0.2 5
41-50 a a 2 a a 1
51-60 a a 1 a 0 1
61-70 2 2,0 1
TABLE 6-17. Statistics for Styela montereyensis at 10-ft Depth Strata for 30-m2 Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum Count Mean size Count Mean size Count Mean size
South Diablo Cove
1-10
11-20 43 14.3 3 12 3.0 4 26 5.2 5
21-30 25 4.2 6 103 17.2 6 72 18.0 4
31-40 5 1.7 3 15 7.5 2 19 9.5 2
41-50 3 3.0 1
51-60
61-70
North Diablo Cove
N 1-10 0 o---~l
..... 11-20 3 0.8 4 13 3.2 4 46 6.6 7.....
21-30 93 11.6 8 69 9.9 7 68 34.0 2
31-40 36 36.0 1 8 8.0 1
41-50 0 0 1
51-60
61-70
North Control
1-10 0 0 4 0 0 4 1 0.2 6
11-20 15 1.5 10 10 0.9 11 56 7.0 8
21-30 10 3.3 3 50 16.7 3 35 8.8 4
31-40 16 4.0 4 18 4.5 4 158 31.6 5
41-50 18 9.0 2 6 6.0 1
51-60 8 8.0 1 7 7.0 1
61-70 0 0 1
~
TABLE 6-18. Statistics for Tethya aurantia at 10-ft Depth Strata for 30-m2 Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum Count Mean size Count Mean size Count Mean size
South Diablo Cove
1-10
11-20 31 10.3 3 22 5.5 4 11 2.2 5
21-30 37 6.2 6 32 5.3 6 10 2.5 4
31-40 10 3.3 3 1 0.5 2 23 11.5 2
41-50 7 7.0 1
51-60
61-70
North Diablo Cove
N 1-10
-
- 1-- 1.0 1......
N 11-20 20 5.0 4 2 0.5 4 28 4.0 7
21-30 15 1.9 8 16 2.3 7 5 2.5 2
31-40 0 0 1 4 4.0 1
41-50 2 2.0 1
51-60
61-70
- --
- North Control
1-10 - -0- 0---- 4 , 0.2 4 8 1.3 6
11-20 19 1.9 10 28 2.5 11 31 3.9 8
21-30 14 4.7 3 9 3.0 3 10 2.5 4
31-40 23 5.8 4 22 5.5 4 79 15.8 5
41-50 26 13.0 2 29 29.0 1
51-60 21 21.0 1 4 4.0 1
61-70 4 4.0 1
TABLE 6-19. P Values for the Kruska1-Wa11is Test on Counts Per 30-m2
Quadrats Among Years (1980-1982) of Subtidal Invertebrates
for Combined Depths (1-70 ft)
South North
Diablo Diablo North
Species/complex Cove Cove Control
AnthopZeura eZegantissima/
A. xanthogrammiaa 0.079 0.150 0.831
Astraea gibberosa 0.231 0.817 0.643
Canaer antennarius 0.103 0.337 0.142
DoriopsiZZa aZbopunatata/
Dendzoodons fuZva 0.709 0.033* 0.053
HaZiotis rufesaens 0.023* 0.118 0.113
Patina rrriniata 0.343 0.111 0.175
Pisaster giganteus 0.900 0.169 0.097
Pycmopodia heZianthoides 0.772 0.066 0.286
StrongyZoaentrotus franaisaanus 0.128 0.169 0.022*
StyeZa montereyensis 0.520 0.860 0.054
Tethya aurantia 0.675 0.055 0.744
*Significant at P ~ 0.05
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TABLE 6-20. Summary of Frequency of Occurrence of Identifiable Fishes Observed at Random 30-m2 Arc
Stations, Diablo Cove, Diablo Canyon Power Plant Site, 1974-1982
1974 1975 1976 1977 1978 1979 1980 1981 1982
Species % % % % % % % % %
ANARHICADIDAE
An~hiahthys oaeZZatus 4.2
BATHYMASTERIDAE
RathbunneZZa hypopZecta 8.3 4.2
CLINIDAE
N
..... Gibbonsia spp. 28.6 37.5 41.7 45.8 42.8 25.0 16.7 12.5-I=:>
c::::l
NeocZinus bZanahardi 4.2 l.LJ-l
a.
Neoa'Li.nous sp. ~ 4.2VI
NeoaZinus uninotatus 4.2 ~
0
:z
COTTIDAE
Artedius aoraZZinus 7.1 4.2 12.5 14.3 8.3 41. 7 58.3
Artedius sp. 41. 7 0.0
Jordania zonope 4.2 7.1 8.3
Orthonopias triads 7. 1 16.7 33.3 45.8 14.3 37.5 45.8 58.3
Saorpaeniahthys marmoratus 28.6 25.0 25.0 41. 7 28.6 41. 7 66.7 50.0
1974 1975 1976 1977 1978 1979 1980 1981 1982
TABLE 6-20. (continued) % % % % % % % % %
EMBIOTOClDAE
Braahyistius fr'enatus 4.2
Cymatogaster aggregata 8.3
Embiotoaa jaaksoni 28.6 8.3 4.2 7. 1 4.2 4.2
Embiotoaa ZateraZis 28.6 87.5 41. 7 41. 7 21.4 8.3 8.3
Hypsla'US aaryi 8.3 4.2 4.2
Phanerodon furaatus 4.2 ClI.LJ
.....J
0-
Fhaooahi Zus toxotes 4.2 :E 4.2c:(
VI
N RhaaoahiZus vaaaa 14.3 16.7 8.3 I- 4.2I-' 0
(J1 z:
GASTEROSTEIDAE
AuZorhynahus fZavidus 8.3 4.2
GOBIESOCIDAE
Gbbiesox maeandriaus 7. 1 4.2
RimiaoZa musaarum 4.2
GOBIIDAE
Coryphopterus niahoZsii 14.3 11.7 8.3 16.7 16.7 8.3
HEXAGRAMMIDAE
Hexagrcurmos deaagrarmrus 50.0 37.5 20.8 16.7 20.8 8.3 16.7
Ophiodon eZongatus 21.4 12.5 8.3 7.1 4.2 4.2
0XYZebius piatus 50.0 54,2 45.8 54.0 64.3 75.0 70.8 70.8
1974 1975 1976 1977 1978 1979 1980 1981 1982
TABLE 6-20. (continued) % % % % % % % % %
LABRIDAE
OxyjuUs aaUforniaa 20.4 25.0 8.3 54.2 42.8 8.3
SCORPAENIDAE
Sebastes atrovirens 8.3 4.2 8.3
Sebastes aarnatus 28.6 16.7 20.8 33.3 14.3 25.0 29.2 33.3
Sebastes ahrysomeZas 14.3 41. 7 25.0 25.0 35.7 29.2 45.8 54.2
Sebastes aaurinus 4.2 0 8.3
l.LJ
14.3 8.3 4.2 4.2 -J 4.2Sebas tes me Zanops 0-
::E
«
Sebastes rrriniatus 7.1 4.2
(/)
N
...... Sebastes mystinus (adult) I-0\ 42.8 50.0 25.0 45.8 0 7.1 33.3 20.8 16.7:z:
Sebastes mystinus (juv.) 71.4 87.5 33.3 79.2 21.4 20.8 4.2
Sebastes pauaispinus 12.5 8.3 14.3
Sebas tes pinniger 7. 1
Sebastes rastreUiger 7. 1 4.2
Sebastes serranoides 7. 1 29.2 12.5 25.0 28.6 4.2
Sebastes spp. (juv.) 29.2 4.2 16.7
Sebastes spp. (adult) 12.5 4.2
SCYLIORHINIDAE
CephaZosayZZium ventriosum 4.2
N
......
-....J
1974 1975 1976 1977 1978 1979 1980 1981 1982
TABLE 6-20. (continued) % % % % % % % % %
STI CHAE IDAE
Cebidiahthys vioZaaeus 4.2 c 8.3l.I.J
...J
a.ChiroZophis nugator 4.2 ~ 8.3c:J:
V')
Stiahiopsis sp. .- 4.20
z:
TOTAL STATIONS 14 24 24 24 0 14 24 24 24
*All stations were in depths of 7.6 m or less
TABLE 6-21 • Ranks of the M~st Frequently Observed
Fishes at 30-m Arc Stations, 1979-1982
Diablo Cove North Control
Species %F Rank %F Rank
Painted greenling 70.9 1 48.2 2
Cabezon 48.8 2 21.2 6
Snubnose sculpin 41.9 3 21.2 6
B1ack- and -ye11 ow rockfi sh 41.9 3 38.8 3
Coralline sculpin 32.6 4 28.2 4
Gopher rockfish 26.7 5 28.2 4
Kel pfi sh 22.1 6 49.4 1
Blue rockfish (Adults) 20.9 7 27.0 5
Kelp greenling 12.8 8 12.9 9
Blackeye goby 11.6 9 18.8 8
Senorita 9.3 10 20.0 7
Striped surfperch 8. 1 11 10.6 10
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TABLE 6-22. Percent Frequency of Occurrence of Identifiable Fishes Observed at Random 30-m2 Arc
Station, North Control, Diablo Canyon Power Plant Site, 1974-1982
1974 1975 1976 1977 1978 1979 1980 1981 1982
Species % % % % % % % % %
BATHYMASTERIDAE
RathbuneUa hypopZeata 4.2 4.5 4.2
BOTHIDAE
Cithariahthys sordidus 4.2
CLINIDAE
N Gibbonsia sp. 28.6 20.8 70.8 59.1 Cl 53.8 45.8 41. 7 58.3l.LJ
......
...J1.0 0-
Neoa linus s p . 4.5 :::E:c:(
U')
COTTIDAE I-0
z:
A:rtedius aoraUinus 7. 1 33.3 16.7 27.3 35.8 8.3 20.8 50.0
A:rtedius sp. 12.5
Cottidae unid. 4.2 12.5 25.0
HemiZepidotW$ spinosus 4.2
Jordania zonope 4.2
Orthonpias triaais 21.4 20.8 50.0 40.9 7.7 16.7 33.3 20.8
Saoppaeniahthys marmoratus 35.7 25.0 29.2 45.4 23.1 20.8 25.0 20.8
TABLE 6-22. (continued)
1974 1975 1976 1977 1978 1979 1980 1981 1982
% % % % % % % % %
EMBIOTOCIAE
Embiotoca jacksoni 4.2 4.5 4.2 4.2
Embiotoca Lateralis 42.8 54.2 62.5 45.4 15.4 12.5 16.7
Hypsurus caryi 4.2
Phanerodbn atripes 4.2 4.2
Rhacochi lus toxotes 8.3 4.2
Cl
1LI
Rhacochilus vacca 14.3 25.0 12.5 9. 1 -J 16.7 4.20-
N ~
N GASTEROSTEIDAE
V)
0 I-
0
AuZorhynchus f1avidus 4.2 z: 4.2 4.2
GOBIESOCIDAE
Gobiesox maeandricus 4.5 8.3
RimicoZa muscarum 4.2
GOBIIDAE
Coryphopterus nichoZsii 14.3 29.2 25.0 31.8 7.7 20.8 25.0 16.7
TABLE 6-22- (continued)
1974 1975 1976 1977 1978 1979 1980 1981 1982
% % % % % % % % %
HEXAGRAMMIDAE
Hexagramnos deaagramnus 35.7 16.7 29.2 13.6 23.1 12.5 8.3 12.5
Ophiodon eZongatus 21.4 8.3 4.5 4.2 8.3
OxyZebius piatus 50.0 58.3 62.5 63.6 38.5 50.0 41. 7 58.3
LABRIDAE
OxyjuZis aaZiforniaa 14.3 29.2 37.5 54.5 46.2 8.3 20.8 16.7
N Semiaossphus puZaher 4.5N 0
-
LLJ
....J
SCYLIORHI NIDAE a..:::E:
c:(
VI
CephaZosayZZium ventriosum f- 4.20
z:
SCORPAENIDAE
Sebastes atrovirens 4.2 8.3
Sebastes aarnatus 7.1 25.0 25.0 27.3 7.7 50.0 20.8 25.0
Sebastes ah~someZas 7.1 41. 7 37.5 50.0 46.2 12.5 41. 7 58.3
Sebastes aaurinus 12.5
Sebastes meZanops 4.2 4.2 9. 1 7.7 4.2
Sebastes miniatus 7. 1 8.3 8.3 4.5 4.2
Sebastes mystinus (adult) 50.0 54.2 58.3 59.1 15.4 20.8 16.7 50.0
TABLE 6-22. (continued
1974 1975 1976 1977 1978 1979 1980 1981 1982
% % % % % % % % %
Sebastes mystinus (juv.) 64.3 66.7 79.2 100.0 23.1 8.3
Sebastes rastreZZiger 14.3 4.2 4.5 4.2 12.5
Sebastes serranoides 14.3 41. 7 20.8 4.5 4.2 4.2
Sebastes spp. (juv.) 4.5 8.3
SER.K.ANI DAE
Cl
StereoZepis gigas
LLI 4.2
--l
Q..
STI CHAEl UAE
:E:
<C
N
(/)
N l-
N Cebidicthys vioZaceous
0 4.2z
Chirolophis nugator 4.2 4.2
SQUATI NIDAE
Squatina caUfornica 4.2
Stichiopsis sp. 4.2
TOTAL STATIONS 14 24 24 22 13 24 24 24
*All stations were in depths of 7.6 m or less
TABLE 6-23. Species. and Complexes. of Soft Algae Among th2TenMost Abundant in Grams Dry Weight Per O.25-m Subtidal
Quadrat at South Diablo Cove, North Diablo Cove and
North Control
Speci es in
*group Species/sp. complex
<-Gigaptina complex
Species*in
group
B. farZowianum
B. reprechtianum
cryptopZeura coraZZinara+
C. Zobulifera +
C. vio Zacea+
Hymenena cuneifolia +
H. fiabeUigepC¢
H. kylinii+
H. muZtiZoba+
H. setcheUii +
H. smithii +
CaUophyUis spp.+
C. crenuZata
C. heanophyZZa
C. obtus.ifolia
C. pinnata
CaZlophyZlis violacea
G. corymbifera
G. exasperata
Iridaea complex +
I. cordata
I. fiaccida
MicrocZadia couZtePi+
Neoptilota densa +
Opuntiella californica+
Polyneura Zatissima
+Prionitis ZanceoZata
Rhodymenia spp.
R. californica
R. lobulifepa
R. pacifica
*Inclusion of a species in a group does not necessarily imply occurrence
of that species at all study areas.
+ Selected taxa
+Included in BotryogZossum complex
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TABLE 6-24. Physical Parameter Statistics for Subtidal 0.25~2 Quadrats
Jun---Jlil 54.2 52.8 3.5 18.8 8.9 7.9 58.8
Jul-Aug 55.5 -54.4 5.8 1.8 6.4 0.8 84.1
71.3
62.1
70.8
82.5
81.0
82.8
85.9
78.4
Bedrock
9.7
2.0
6.5
5.5
6.8
24.9
2.9
11.6
4.6
2.3
6.3
3.4
3.5
3.9
10.4
3.1
2.0
2.0
1.0
c
2.~
1.5
5.2
3.2
1.8
4.4
4.6
4.9
7.1
8.1
6.1
6.6
51.6
54.9
52.8
55.7
55.6
53.2
55.2
57.5
NorfhTontro1
North-Iffaolo- Cove
52.9
56.7
53.9
55.0 53.9 5.4 9.0 7.5 13.2 64.1
54.5 53.1 9.5 1. 7 4.0 6.0 78.1
56.4
56.8
54.1
55.6
58.0
Jun-Jul
Jul-Aug
Jun-Jul
Jul-Aug
Jul-Aug
Aug-Oct
Aug-Oct
Year
1980
1981
1982
Combined
Years
1980
N
N 1981+:>
1982
Combined
Years
1980
1981
1982
Combined
Years
TABLE 6-25. P Values for the Kruskal-Wallis Test on Grams
Dry Weight Per 0.25-m2 Quadrat Among Years
l1980-82) of ~e1ected Subtidal Soft Algae and All
Soft Algae Combined, for Depths 1-60 ft
South Diablo North Diablo North
Species/species complex Cove Cove Contra1
BotryogZosswn complex 0.117 0.522 0.718
CaUophyUis complex 0.142 0.238 0.010*
Gigartina complex 0.438 0.085 a.009*
Iridaea camp1ex not present 0.086 0.354
MicrocZadia couZteri 0.387 0.056 0.868
NeoptiZota densa 0.331 0.865 0.293
OpuntieZZa caZifornica 0.629 0.081 *0.045
Prionitis ZanceoZata 0.331 0.671 0.062
Key algae plus all other
soft algae combined
*Significant at P < 0.05
0.101
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0.095 0.678
TABLE 6-26. The Ten Most Abundant Soft Algae Species/Species Complexes
Found at Subtidal 0.25-m2 Quadrats at South Diablo
Coye for Combined Years (1980-82}
Mean grams * %of total
Species/species complex per 0.25-m2 biomass
BotroyogZosswn complex 6.2 57.5
Gigartina complex 1.1 10.5
CaZZophyZZis vioZacea 1.0 9.6
PoZyneura Zatissima 0.6 5.2
OpuntieZZa caZifornica 0.3 3. 1
Rhodymenia spp. 0.3 2.6
CaUophyUis spp. 0.1 0.6
MicrocZadia couZteri 0.0 0.2
Prionitis ZanceoZata 0.0 0.1
NeoptiZota densa 0.0 0.1
*Ory Weight
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TABLE 6-27. Dunn's Multiple Comparison Test on Grams Dry Weight Per 0.25-m2 Quadrat Between 10 ft Depth
Intervals of All Soft Red and Green Algae Combined for Combined Years (1980-82), at an
Experimentwise Error Rate of 0.1
1-10 1...:j0 1-10 1-10 1-10 11-20 11-20 11-20 11-20 21-30 21-30 21-30 31-40 31-40 41-50
Study area 11-20 21-30 31-40 41-50 51-60 21-30 31-40 41-50 51-60 31-40 41-50 51-60 41-50 51-60 51-60
South Diablo Cove * * - * * - + - +
North Diablo Cove * * * *
North Control * * * * * * * * * *
*Significant
+Significant1y more abundant at deeper depth interval
-No samples taken in 51-60 ft depth interval
N
N
-...J
TABLE 6-28. The Ten Most Abundant Soft Alga Species/Species Complexes
Found at Sub.ttdal G.25-m2 Quadrats at North Diablo
Coye for Combined Years (1980-82)
t1ean grams * % of total
Species! species complexes per 0.25-m2 biomass
BotryogLosswn complex 16.6 52.8
Gigartina complex 6.7 21.1
CaLLophyLLis vioLacea 1.5 4.7
Iridaea complex 1.0 3.3
Rhodymenia spp. 1.0 3. 1
Prionitis LanceoLata 0.8 2.6
Po Lyneura Latissima 0.6 1.9
MicrocLadia couLteri 0.3 0.9
NeoptiLota densa 0.2 0.7
CaUophyUis spp. 0.2 0.6
*Ory weight
228
TABLE 6-29.. The Ten Most Abundant So~t Alga Species/Zpecies Complexes
Found at Subtidal 0.25-m Quadrats at North Control
for Combined Years (1980-82)
Mean grams * % of total
Species/spe~ies complex per 0.25-m2 biomass
Bot~oglossum complex 60.3 73.0
Gigartina complex 12.6 15.2
Iridaea complex 3.2 3.8
NeoptiZota densa 0.9 1.0
~cpocladia coulteri 0.7 0.9
Prionitis lanceolata 0.7 0.8
Polyneura latissima 0.7 0.8
CaZZophyZlis vioZacea 0.6 0.7
OpuntieZla caZifornica 0.4 0.4
CaUophy ZZis spp. 0.3 0.3
*Ory weight
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TABLE 6-30. P Values for the Krus'kal-Wa1lis: Test on Grams Dry
Weight Per O.25-m2 Quadrat Among Study Areas
(South Diablo Cove, North Diablo Cove and North
Control) of Selected Soft.Algae and All Soft Algae
Combined for the Years 1980-82 and Depths 1-60 ft
Speci est spec i es complex P Value
Botryoglossum complex + *,
Callophyllis complex 0.003*
Gigartina complex + *
"
Iridaea complex +*,
*Microcladia coulteri 0.009
Neoptilota densa 'I\' ;.+, ,
Opuntiella californica 0.302
Prionitis lanceolata 0.001 *
Key algae plus all other
soft algae combined
*Significant at P < 0.05
+P < 0.0005
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+ *,
TABLE 6-31: Dunn's Multiple Comparisons on Grams Dry Weight
Per 0.25-m2 Quadrat Among Study Areas of Selected Soft
Algae and All Soft Algae Combined for the Years
1980-82, at an Experimentwise Error Rate of 0.1.
SOC, NDC, and NC Represent South Diablo Cove,
North Diablo Cove, and North Control Respectively
Species/species complex
Botryoglossum complex
CaZZophyZZis complex
Gigartina complex
Iridaea complex
~aroaladia aouZteY'i
NeoptiZota densa
PY'ionitis ZanaeoZata
Key algae plus all other
soft algae combined
*Si gnifi cant
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SDC
NDC
*
*
*
SDC
NC
*
*
*
*
*
NDC
NC
*
*
TABLE 6-32. P Values for the Kruskal-Wallis Test on Percent
Cover of Subtidal Articulated Coralline Algae
Per 0.25-m2 Quadrat Among Years (1980-82) for
Combined Depths (1-60 ft)
Study area P Values
South Diablo Cove
North Diablo Cove
North Cant ro1
*Significant at P ~ 0.05
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0.923
0.016*
*0.024
TABLE 6-33. Selected Invertebrates Surveyed in the O.25m 2 Quadrat Study
Scientific name
Acmaea rrritra
Astraea gibberosa
Balanophyllia elegans
Doriopsilla albopunctata/
DendrDdoris futva
Epiactis pro li fera
Haliotis rufescens
Henricia leviuscula
Homalopoma lut'idwn
Patiria rrriniata
Serpulorbis squamigerus
Strongylocentrotus franciscanus
Tegula brunnea
Tonicella lineata
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Common Name
Whitecap limpet
Red top
Orange cup cora 1
White-spotted sea goddess/
golden dorid
Proliferating anemone
Red abalone
Blood star
(a turban snail)
Sea bat
Scaled worm shell
Giant red sea urchin
Brown turban
Lined chiton
TABLE 6-34 . Statistics for Aomaea mitra at 10-ft Depth Strata for 0.25-m2 Quadrats
1980 1981 1982
Depth Sample Sample SampleStratum Count Mean size Count Mean size Count Mean size
South Diablo Cove
-- -- --
1-10 1 0.2 5
11-20 1 0.1 18 9 0.3 26 6 0.4 15
21-30 5 0.3 19 7 1.0 7 7 0.3 21
31-40 4 0.4 11 2 0.2 10 3 0.4 8
41-50 0 0 4
51-60
North Diablo tove
N 1-10 0 0 1 2 0.3 7 1 1.0 1w
~ 11-20 9 0.5 19 3 0.3 11 24 0.8 30
21-30 4 0.2 23 8 0.3 25 2 0.2 10
31-40 2 0.4 5 0 0 5 2 0.5 4
41-50 1 0.3 3
51-60
-- _ ..- - -----_._--_._--~-- ----
North Control
1-10 4 0.3 15 0 0 11 18 0.7 27
11-20 11 0.3 38 26 0.6 47 35 0.9 39
21-30 8 0.3 24 3 0.2 13 4 0.4 10
31-40 2 0.2 12 2 0.2 13 3 0.2 19
41-50 0 0 4 2 0.3 7 0 0 1
51-60 0 0 3 0 0 5
TABLE 6-35. Statistics for Astraea gibberosa at 10-ft Depth Strata for 0.25-m2
Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum Count Mean size Count Mean size Count Mean size
South Diablo Cove
1-10 1 0.2 5
11-20 2 0.1 18 2 O. 1 26 0 0 15
21-30 6 0.3 19 0 0 7 3 0.1 21
31-40 0 0 11 2 0.2 10 1 0.1 8
41-50 2 0.5 4
N 51-60
w North Diablo CoveU'I
1-10 0 0 1 0 0 7 00 --- -1
11-20 2 0.1 19 4 0.4 11 4 0.1 30
21-30 1 * 23 3 O. 1 25 0 0 10
31-40 0 0 5 0 0 5 0 0 4
41-50 1 0.3 3
51-60
North Control
1-10 7 0.5 15 0 0 11 4 0.1 27
11-20 6 0.2 38 8 0.2 47 7 0.2 39
21-30 6 0.2 24 4 0.3 13 2 0.2 10
31-40 5 0.4 12 4 0.3 13 6 0.3 19
41-50 2 0.5 4 0 0 7 0 0 1
51-60 0 0 3 1 0.2 5
*< 0.1
TABLE 6-~6 . Statistics for Balanophyllia elegans at 10-ft Depth Strata for 0.25-m2
Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum Count Mean size Count Mean si,ze Count Mean size
---- --- ----
South Diablo Cove
-------- -- ----
1-10 1 0.2 5
11-20 254 14.1 18 327 12.6 26 148 9.9 15
21-30 365 19.2 19 124 17.7 7 501 23.9 21
31-40 295 26.8 11 248 24.8 10 253 31.6 8
41-50 218 54.5 4
51-60
---~-- North Diablo Cove
N 1-10 (j--~0 1 1 0.1 7 0 0 1
eN 11-20 21 1.1 19 36 3.3 11 131 4.4 300\
21-30 215 9.3 23 399 16.0 25 280 28.0 10
31-40 61 12.2 5 148 29.6 5 89 22.2 4
41-50 47 15.7 3
51-60
----------
North Control
1-10 2 0.1 15- 1 0.1 11 111 4.1 27
11-20 65 1.7 38 107 2.3 47 210 5.4 39
21-30 304 12.7 24 98 7.5 13 149 14.9 10
31-40 438 36.5 12 457 35.2 13 771 40.6 19
41-50 179 44.8 4 371 53.0 7 59 59.0 1
51-60 190 63.3 3 231 46.2 5
TABLE 6-37. Statistics for Doriopsilla albopunctata/DendPodoris fulva at 10-ft Depth
Strata for 0.25-m2 Quadrats
1980 1981 1982
s~f~inm Sample Sample SampleCount Mean size Count Mean size Count Mean size
--_._--~
South Diablo Cove
1-10 0 0 5
11-20 4 0.2 18 4 0.2 26 4 0.3 15
21-30 4 0.2 19 1 o. 1 7 2 0.1 21
31-40 1 0.1 11 5 0.5 10 1 0.1 8
41-50 0 0 4
51-60
---- - -------
North Diablo Cove
N 1-10 1 1.0 1 1 o. 1 7 0 0 1
w 11-20 2 O. 1 19 5 0.5 11 5 0.2 30-.....J
21-30 6 0.3 23 7 0.3 25 5 0.5 10
31-40 3 0.6 5 0 0 5 7 1.8 4
41-50 1 1.3 3
51-60
North Control
1-10 1 O. 1 15 0 0 11 2 0.1 27
11-20 2 O. 1 38 7 O. 1 47 2 0.1 39
21-30 6 0.2 24 1 0.1 13 2 0.2 10
31-40 2 0.2 12 2 0.2 13 6 0.3 19
41-50 1 0.2 4 0 0 7 0 0 1
51-60 0 0 3 0 0 5
i
TABLE 6-38. Statistics for Epiaotis prolifera at 10-ft Depth Strata for 0.25-m2
Quadrats
1980 1981 1982
De~th Sample Sample SampleStr tum Count Mean size Count Mean size Count Mean size
South Diablo Cove
1-10 4 0.8 5
11-20 49 2.7 18 14 0.5 26 2 0.1 15
21-30 8 0.4 19 0 0 7 3 0.1 21
31-40 0 0 11 1 0.1 10 4 0.5 8
41-50 0 0 4
51-60
North Diablo Cove
N 1-10 0 0 1 3 0.4 7 1 1.0 1
w 11-20 7 0.4 19 30 2.7 11 13 0.4 30co
21-30 37 1.6 23 46 1.8 25 0 0 10
31-40 15 3.0 5 6 1.2 5 0 0 4
41-50 0 0 3
51-60
North· Control
1-10 - 24 1.6 15 5 0.5 11 87 . -l.T---27
11-20 27 0.7 38 33 0.7 47 21 0.5 39
21-30 27 1.1 24 6 0.5 13 . 11 1.1 10
31-40 11 0.9 12 8 0.6 13 4 0.2 19
41-50 1 0.2 4 1 O. 1 7 0 0 1
51-60 7 2.3 3 0 0 5
TABLE 6- 39. Statistics for HaZiotis rufesaens at 10-ft Depth Strata for 0.25-m2
Quadrats
1980 1981 1982
pe~th Sample Sample SampleS r tum Count Mean size Count Mean size Count Mean size
South Diablo Cove
1-10 0 0 5
11-20 0 0 18 0 0 26 0 0 15
21-30 0 0 19 0 0 7 0 0 21
31-40 0 0 11 0 0 10 0 0 8
41-50 0 0 4
51-60
N North Diablo Cove
w 1-10 0 0 1 0 0 7 0 0 1\.0
11-20 0 0 19 0 0 11 0 0 30
21-30 0 0 23 0 0 25 0 0 10
31-40 0 0 5 0 0 5 0 0 4
41-50 0 0 3
51-60
North Control
1-10 --0-··· 0--- -,-S-- 0 0 11 0 0 27
11-20 1 * 38 0 0 47 0 0 39
21-30 0 0 24 0 0 13 0 0 10
31-40 0 0 12 0 0 13 3 0.2 19
41-50 0 0 4 0 0 7 0 0 1
51-60 0 0 3 0 0 5
*< 0.1
TABLE 6-40. Statistics for Henriaia Zeviu8cuZa~t10-ft Depth Strata for 0.25-m2
Quadrats
1980 1981 1982
Depth Sample Sample Salop1 e
Stratum Count Mean size Count Mean size Count Mean size
South Diablo Cove
1-10 0 0 5
11-20 4 0.2 18 9 0.3 26 0 0 15
21-30 1 0.1 19 1 o. 1 7 3 0.1 21
31-40 0 0 11 3 0.3 10 0 0 8
41-50 2 0.5 4
51-60
N North Diablo Cove
.J» 1-10 0 0 1 4 0.6 7 2 -2.2 -10
11-20 7 0.4 19 7 0.6 11 17 0.6 30
21-30 7 0.3 23 7 0.3 25 2 0.2 10
31-40 1 0.2 5 3 0.6 5 1 0.2 4
41-50 0 0 3
51-60
North Control
1-10 27 1.8 15 5 0.5 11 ----4S-- -1-:7- -- 27
11-20 24 0.6 38 32 0.7 47 13 0.3 39
21-30 15 0.6 24 7 0.5 13 5 0.5 10
31-40 7 0.6 12 6 0.5 13 8 0.4 19
41-50 1 0.2 4 1 O. 1 7 0 0 1
51-60 0 0 3 O' 0 5
TABLE 6-41 . Statistics for HomaZopoma ZUPidum at 10-ft Depth Strata for 0.25-m2Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum Count Mean size Count Mean size Count Mean size
South Diablo Cove
1-10 28 5.6 5
11-20 71 3.9 18 122 4.7 26 28 1.9 15
21-30 50 2.6 19 40 5.7 7 61 2.9 21
31-40 29 2.6 11 6 0.6 10 30 3.8 8
41-50 4 1.0 4
51-60
N North Diablo-Cove
.p. 1-10 0 0 1 23 3.3 7 0 0 1.....
11-20 39 2. 1 19 11 1.0 11 88 2.9 30
2-1-30 7 0.3 23 30 1.2 25 8 0.8 10
31-40 0 0 5 2 0.4 5 0 0 4
41-50 2 0.7 3
51-60
------
North Control
1-10 4 0.3 15 4 0.4 11 37 1.4 27
11-20 26 0.7 38 46 1.0 47 32 0.8 39
21-30 31 1.3 24 16 1.2 13 6 0.6 10
31-40 10 0.8 12 11 0.8 13 8 0.4 19
41-50 0 0 4 0 0 7 0 0 1
51-60 0 0 3 0 0 5
TABLE 6-42. Statistics for Patiria miniata at 10-ft Depth Strata for 0.25-m2
Quadrats
1980 1981 1982
Depth Sample Sample Sample
Strat~m Count Mean size Count Mean size Count Mean size
- ---- South Diablo Cove
1-10 4 0.8 5
11-20 24 1.3 18 33 1.3 26 15 1.0 15
21-30 31 1.6 19 13 1.9 7 44 2.1 21
31-40 11 1. 0 1119 1.9 10 12 1.5 8
41-50 11 2.8 4
51-60
~ North D; ab10 Cove___ __ _ _
N 1-10 0 0 1 0 0 7 0 0 1
11-20 17 0.9 19 14 1.3 11 47 1.6 30
21-30 56 2.4 23 63 2.5 25 41 4.1 10
31-40 8 1.6 5 16 3.2 5 6 1.5 4
41-50 7 2.3 3
51-60
North Control
1-10 3 0.2 15 4 0.4 11 13 - (r~5 --27
11-20 22 0.6 38 35 0.7 47 45 1.2 39
21-30 32 1.3 24 19 1.5 13 9 0.9 10
31-40 14 1.2 12 22 1.7 13 31 1.6 19
41-50 1 O. 2 4 8 1. 1 7 2 2.0 1
51-60 2 0.7 3 14 2.8 5
"---- "--- --- .... ~._--_ ...--- -~.._---._-._~.-*.~
TABLE 6-43. Statistics for Ser,pulo~bis squamige~ at 10-ft Depth Strata for 0.25-m2
Quadrats
1980 1981 1982
Depth Sample Sample SampleStratum Count Mean size Count Mean size Count Mean size
South Diablo Cove
1-10 0 0 5
11-20 62 3.4 18 26 1.0 26 8 0.5 15
21-30 35 1.8 19 6 0.9 7 75 3.6 21
31-40 40 3.6 11 58 5.8 10 105 13. 1 8
41-5J 33 8.2 4
51-60
N North Diablo Cove
~ 1-10 0 0 1 5 0.7 7 0 0 1w 11-20 20 1.1 19 13 1.2 11 71 2.4 30
21-30 28 1.2 23 88 3.5 25 93 9.3 10
31-40 14 2.8 5 10 2.0 5 27 6.8 4
41-50 18 .6.0 3
51-60
North Control
1-10 0 0 15 0 0 11 26 1.0 27
11-20 23 0.6 38 84 1.8 47 44 1.1 39
21-30 80 3.3 24 15 1.2 13 31 3. 1 10
31-40 45 3.8 12 51 3.9 13 91 4.8 19
41-50 27 6.8 4 17 2.4 7 0 0 1
51-60 0 0 3 4 0.8 5
TABLE 6-44. Stati sti cs for St!longyZocentrotus franciscanus at 10-ft Depth Strata for
0.25-m2 Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum Count Mean size Count Mean size Count Mean size
-_._.. -
South Diablo Cove
1-10 4 0.8 5
11-20 0 0 18 1 * 26 2 0.1 15
21-30 0 0 19 0 0 7 0 0 21
31-40 0 0 11 2 0.2 10 2 0.2 8
41-50 1 0.2 4
51-60
N North DiablO-Cove
.J:>o 1-10 0 0 1 , O. 1 7 0 0 1.J:>o
11-20 0 0 19 1 O. 1 11 3 O. 1 30
21-30 0 0 23 1 * 25 3 0.3 10
31-40 0 0 5 1 0.2 5 0 0 4
41-50 0 0 3
51-60
- -_.-
North Control
1-10 0 0 15 4 0.4 11 0 0 27
11-20 1 * 38 10 0.2 47 0 0 39
21-30 0 0 24 2 0.2 13 0 0 10
31-40 0 0 12 0 0 13 2 0.1 19
41-50 0 0 4 0 0 7 0 0 151-60 0 0 3 0 0 5
*< 0.1
TABLE 6-45. Statistics for TeguZa brunnea at 10-ft Depth Strata for 0.25-m2 Quadrats
1980 1981 1982
SDepth Sample Sample Sampletratum Count Mean size Count Mean size Count Mean size
South Diablo Cove
1-10 11 2.2 5
11-20 11 0.6 18 7 0.3 26 7 0.5 15
21-30 10 0.5 19 2 0.3 7 2 0.1 21
31-40 6 0.5 11 7 0.7 10 2 0.2 8
41-50 0 0 4
51-60
North Diablo-tove
N 1-10 2 2.0 1 24 3.4 7 2 ~-~-1
..j:lo 11-20 22 1.2 19 4 0.4 11 40 1.3 30U'1
21-30 20 0.9 23 12 0.5 25 16 1.6 10
31-40 4 0.8 5 0 0 5 1 0.2 4
41-50 1 0.3 3
51-60
North Control
1-10 90 6.0 15 86 7.8 11 260 9.6 27
11-20 225 5.9 38 318 6.8 47 139 3.6 39
21-30 40 1.7 24 25 1.9 13 15 1.5 10
31-40 7 0.6 12 3 0.2 13 16 0.8 19
41-50 0 0 4 0 0 7 0 0 1
51-60 0 0 3 0 0 5
TABLE 6-46. Statistics for ToniceZLa lineata at 10-ft Depth Strata for 0.25-m2 Quadrats
1980 1981 1982
Depth Sample Sample Sample
Stratum Count Mean size Count Mean size Count Mean size
-- -- - South Diablo Cove
--- _.- -_.- - -
1-10 4 0.8 5
11-20 17 0.9 18 7 0.3 26 6 0.4 15
21-30 10 0.5 19 2 0.3 7 17 0.3 21
31-20 2 0.2 11 3 0.3 10 5 0.6 8
41-50 1 0.2 4
51-60
North Diablo Cove
1-10 0 0 1 1 0.1 7 0 0 1
N 11-20 19 1.0 19 8 0.7 11 13 0.4 30
.j:lo 21-30 13 0.6 23 7 0.3 25 4 0.4 100'1
31-40 2 0.4 5 3 0.6 5 2 0.5 4
41-50 1 0.3 3
51-60
North Control
1-10 4 0.3 15 3 0.3 11 10 O.4--------Z7
11-20 18 0.5 38 38 0.8 47 25 0.6 39
21-30 20 0.8 24 7 0.5 13 6 0.6 10
31-40 5 0.4 12 2 0.2 13 9 0.5 19
41-50 1 0.2 4 1 0.1 7 2 2.0 1
51-60 1 0.3 3 2 0.4 5
TABLE 6- 47. P Values for the Kruskal-Wallis Test on Counts Per 0.25-m2
Quadrats Among Years (1980-1982) of Selected Subtidal
Invertebrates forilGombined Depths (1-60 ft)
South North
Diablo Diablo NorthSpecies/complex Cove Cove Control
Acmaea mitroa 0.150 0.047* 0.076
AstT'aea gibbel'Osa 0.810 0.351 0.494
BaZanophyZZia eZegans 0.233 0.048* 0.581
DoT'iopsiZZa aZbopunctata/
DendPodoT'is fuZva 0.835 0.571 0.661
Epiactis pl'OZiferoa 0.313 0.009* 0.241
HaZiotis T'Ufescens ** ** 0.364
Henncia ZeviuscuZa 0.081 0.452 0.242
Homa Zopoma ZuT'idum 0.373 0.062 0.607
Patina miniata 0.667 0.590 0.475
SeropuZorobis squamigeT'Us 0.125 0.003* 0.315
Stl'OngyZocentrootus froanciscanus 0.051 0.084 + *,
TeguZa bT'unnea 0.029* 0.031* 0.147
ToniceZZa Zineata 0.103 0.439 0.929
*Significant at P ~ 0.05
**Not present
+p < 0.0005
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TABLE 6- 48. Dunn's Multiple Comparison Test
Per 0.25-m2 Quadrats Among Years
of Selected Subtidal Invertebrates at
North Diablo Cove at an Experi-
mentwise Error Rate of 0.1
Speci es
Aa71aea mi tra
BaZanophyZZia eZegans
Epiactis pro Zi fera
SerpuZorbis squamigerus
TeguZa brunnea
X=Significant
248
1980
1981
1980
1982
x
x
1981
1982
x
x
1
1
j
TABLE 6-49. Significance Levels of Kolmogorov-Smirnov Goodness of Fit Tests of Normality of Baited Station
Fish Counts, Diablo Canyon Nuclear Power Plant Site
Di ab 10
North South Cove North
Diablo Cove Diablo Cove (Combined) Control
Fall Spring Fall Spring Fall Spring --ran
Species 1980 1981 1980 1981 1980 1981 1980
Striped surfperch 0.070 + * + * + * + * + * 0.001*, , , , ,
Black-and-yellow rockfish 0.001* 0.042 0.001* 0.004* + * + * 0.023*, ,
Blue rockfish (adult) 0.058 + * 0.004* + * 0.002* + * 0.077, , ,
Blue rockfish (juv.) 0.077 - + * - 0.001* - + *, ,
Snubnose sculpin 0.002* + * + * + * + * + *, , , , ,
N
~ Painted greenling 0.007* + * 0.044* 0.002* 0.001* + * + *~ , , ,
Total Fish 0.732 0.533 0.237 0.758 0.231 0.325 0.794
*Significant at P < 0.05
+P < 0.0005
TABLE 6-50. Fishes Observed at Baited Stations. South Diablo Cov~. August 1980 - November 1~b2.
Diablo Canyon
Power Plant Site
Species Fall 1980
Spring 1981 Fall 1981 Spring 1982 Fall
1982
- %Fo - %Fo
- %Fo - %Fo %Fo
: L x _ L X E
X L X E X
BATHYMASTERIDAE
Rathbunella hypoplecta 1 0.04 4.2 0 1
0.04 4.2 0 0
CLINIDAE
Gitbonsia spp. 1 0.04 4.2 0
0 0 I 0.04 4.2
COTTIDAE
Artedius corallinusl.lateralis 0 8 0.33 29.2 8
0.33 29.2 4 o.17 12.5 16 0.67 41 .7
cottidae unid. 1 0.04 4.2 4 O. 17 12.5
0 0 0
Jordania zonope 1 0.04 4.2 0
0 0 0
Orthonopias triacis 8 0.33 33.3 5 0.21 20.8 15
0.62 50.0 7 0.29 20.8 26 L08 50.0
N
scorpaenichthys marmoratus 4 O. 17 16.7 7 0.29 25.0 5
0.21 20.8 2 0.08 8 03 6 0.25 25.0
U'1
0 EMBIOTOCIDAE
Damalichthys toxotes 0 0
1 0.04 4.2 0 1 0.04 4.2
Damalichthys vacca 1 0.04 4.2 0
1 0.04 4.2 1 0.04 4.2 0
Embiotoca jacksoni 0 0 1
0.04 4.2 0 1 0.04 4.2
Embiotoca lateralis 5 0.21 16.7 2 0.08 4.2
1 0.04 4,2 1 0.04 4 02 26 1.08 66.7
HypsurUs caryi 4 0.17 16.7 1 0.04 4.2
0 0 1 0.04 4.2
Embiotocidae unid. 0 0
4 O. 17 12.5 0 0
GOBIIDAE
coryphopterus nicholsii 4 O. 17 16.7 3 O. 12
8.3 10 0.42 25.0 3 0.12 12.5 7 0.29 16.7
HEXAGRAMMIDAE
Hexagrammos decagrammus 5 0.21 20.8 2 0.08 8.3 3
0.12 12.5 6 0025 25.0 3 0.12 12.5
Ophiodon elongatus 3 0.12 12.5 1 0.04 4.2 4
0.17 16.7 3 0.12 12.5 4 0.17 12.5
OxylebiuS pictus 19 0.79 66.7 10 0.42 41.7 13
0.54 45.8 6 0.25 25.0 11 0.46 37.5
LABRIDAE
Oxyjulis californicus 0 0 0
7 0.29 8.3 9 0.38 8.3
TABLE 6-50. (continued)
Species Fall 1980 Spring 1981 Fall 1981 Spri ng 1982
Fall 1982
- %Fo - %Fo - %Fo -
-
I: X I: X I: X I: x %Fo I: x %Fo
SCORPAENIDAE
Sebastes atrovirens 0 0 1 0.04 4.2 2 0.08 8.3
1 0.04 4.2
Sebastes auriculatus 0 0 1 0.04 4.2 0
0
Sebastes carnatus 17 0.71 45.8 5 0.21 8.3 20 0.83 33.3 15 0.62 29.2 19
0.79 33.3
Sebastes caurinus 0 1 0.04 4.2 0 0
1 0.04 4.2
Sebastes chrysomelas 19 0.79 41.7 15 0.62 41.7 26 1.08 66.7 17 0.71 41.7 15
0.62 29.2
Sebastes miniatus 1 0.04 4.2 0 1 0.04 4.2 0 0
Sebastes mystinus(adults) ** 12 0.50 37.5 2 0.08 4.2 5 0.21 12.5 29 1. 21 50.0 70 2.92 62.5
Sebastes myst~nus(juveniles) 0 0 11 0.46 16.7 0 1 0.04 4.2
Sebastes rastrelliger 1 0.04 4.2 0 2 0.08 8.3 1 0.04 4.2 1 0.04 4.2
Sebastes juveniles** 8 0.33 25.0 0 20 0.83 45.8 0 1 0.04 4.2
N
(jl SCYLIORHINIDAE
...... Cephaloscyllium ventriosum 0 0 1 0.04 4.2 0 0
TOTALS
NUMBER OF STATIONS
115 4.79
24
66 2.75
24
155 6.46
24
104 4.33
24
221
24
9.21
*A corralinus and A. lateralis both occur in this area, but cannot be separated underwater
**Incoming year class
E=Tota1 counted
x=Mean count per station (3.14-m2)
%FO=Percent frequency of occurrence
TABLE 6-5l. Fishes Observed at Baited Stations. North Diablo Cove, October 1980 - October 1982. Diablo Canyon
Power Plant
Species Fa 11 1980 S'pring' 1981 Fall 1931 Spring 1982 Fall 1982
- %Fo %Fo - %Fo -L x b X E X I: x %Fo L x %Fo
BATHYMASTERIDAE
Rathbunella hypoplecta 0 1 0.04 4.2 0 0 0
CLINIDAE
Gibbonsia sp·.J. 0 0 1 0.04 4.2 0 0
COTTIDAE
Artedi us corallinus/lateralis 0 4 O. 17 16.7 2 0.08 8,3 1 0.04 4,2 5 0.21 20.8
Cottidae unid. 0 , 0.04 4.2 1 0.04 4,2 2 0,08 8,3 0I
Orthonopias triacis 3 0.12 12,5 12 50.0 41.7 5 0.21 20.8 3 0,12 12,5 6 0.25 20.8
scorpaenichthys marmoratus 2 0.08 8.3 7 0.29 29.2 8 0.33 33,3 ., 0.29 29,2 3 O. 12 12,5I
N
~ EMBIOTOCIDAE
2 0.08 8.3 0 3 0, 12 4.2 0 1 0.04 4.2Damalichthys to~otes
Damalichthys vacca 0 0 4 0, 17 12,5 0 2 0.08 8.3
Embiotoca lateralis 17 0.71 58.3 2 0.08 8.3 16 0.67 50.0 1 0,04 4,2 38 1.58 95,8
Embiotocidae unid. 0 0 0 1 0.04 4,2 0
Hypsurus caryi 4 0.17 16.7 0 1 0.04 4.2 0 1 0.04 4.2I
Phanerodon atripes 1 0.04 4.2 0 0 0 0
GOBIIDAE
Coryphopterus nicholsii 2 0.08 8.3 7 0.29 12.5 1 0.04 4.2 0 1 0,04 4.t.
HEXAGRAMMIDAE
Hexagrammos decagrammus 6 0.25 25.0 3 0, 12 12,5 2 0.08 8.3 4 0.17 16.7 1 0.04 4.2
Ophiodon elongatus 3 0.12 12.5 7 0.29 29.2 11 0.46 45.8 2 0.08 8.3 3 0.12 12.5
Oxylebiu5 pictu5 12 0.50 45.8 6 0.25 25.0 10 0.42 33.3 4 0.17 16.7 11 0.46 37.5
LABRIDAE
Oxyjulis californicus 73 3.04 25.0 0
-
0 '0 18 0.75 29.2

TABLE 6-52. Fisnes Observed at oaited Stations, North Control, October 19kO - November 1982, Diablo Canyon
Power Plant
Species Fall 1980 Fall 1981 Spring 1982 Fall 1982
- %Fo - %Fo - %Fo - %F 0E x E X Z X E X
GASTEROSTEIDAE
Aulorhynchus flavidus 0 0 0 42 0.88 22.9
BATHYMASTERIDAE
Rathbunella hypoplecta 1 0.03 2.8 0 0 1 0.22 2 . 1
CLINIDAE
Gibbonsia spp. 1 0.03 2.8 2 0.04 4.2 1 0.02 2. 1 5 0.10 8.3
COTTIDAE
A rted i us cora 11 in us / Zateralis" 0 4 0.08 6.2 0 6 O. 12 12.5
Cottidae unid. 1 0.03 2.8 0 0 0
N Orthonopias triacis 7 O. 19 13.9 4 0.08 6.2 0 3 0.06 6.2
01 scorpaenichthys marmoratus 2 0.06 5.6 3 0,06 4.2 4 0.08 8.3 2 0.04 4.2~
EMBIOTOCIDAE
Damalichthys toxotes 1 0.03 2.8 2 0.04 4.2 0 0
Damalichthys vacca 1 0.03 2.8 1 0.02 2.1 0 0
Embiotoca jacksoni 0 2 0.04 2. 1 0 2 0.04 4.2
Embiotoca latcralis 22 0.61 41.7 11 0.23 16.7 12 0.25 20.8 53 1. 10 68.8
Hypsurus caryi 2 0.06 5.6 1 0.02 2 . 1 0 1 0.02 2. 1
Phanerodon furcatus 0 0 0 5 0.10 2. 1
GOBIIDAE
Coryphopterus nicholsii 3 0.08 5.6 14 0.29 12.5 6 O. 12 10.4 6 O. 12 8.3
HEXAGRAMMIDAE
Hexagrammos decagrdmmus 5 O. 14 11. 1 2 0.04 4.2 9 O. 19 16.7 0
Ophiodon elongatus 10 0.28 22.2 9 o.19 14.5 5 O. 10 10.4 10 0.21 20.8
Oxylebius pictus 13 0.36 30.6 14 0.29 25.0 9 O. 19 14.6 8 O. 17 16.7
LABRIDAE
Oxyjulis californicus 8 0.22 11. 1 31 0.64 16.7 102 2. 12 10.4 594 12.38 50.0
TAB LE 6-52. (continued)
Speci es Fall 1980 Fall 1981 Spring 1982 Fall 1982
- %Fo - %Fo - %Fo
- %Fo
E x E X t x t x
SCORPAENIDAE
Sebastes atrovirens 0 0 1 0.02 2. 1 1 0,02 2.1
Sebastes carnatus 15 0.42 27.7 26 0.54 16.7 37 0.77 29.2 37 0.77 29.2
Sebastes caurinus a 2 0.04 4.2 0 0
Sebastes cbrysomelas 49 1. 36 69.4 54 1. 12 60.4 31 0.64 35.4 32 0.67 47.9
Sebastes juvenile** 14 0.39 30.6 12 0.25 20.8 0 0
Sebastes melanops 4 0.11 8.3 0 2 0.04 4.2 2 0.04 4.2
Sebastes miniatus 2 0.06 5.6 1 0.02 2. 1 2 0.04 4.2 1 0.02 2. 1
Sebastes mystinus (adults) 121 3.36 66.7 58 1. 21 43.8 118 2.46 54.2 159 3.31 60.4
Sebastes mystipus (juveniles) 0 44 0.92 41 .7 0 12 0.25 12,5
Sebastes rastrelliger 6 O. 17 16. 7 9 O. 19 14.6 6 0, 12 10,4 9 O. 19 18.8
Sebastes serranoides 3 0.08 8.3 a 2 0.04 2. 1 1 0.20 2. 1
N
Sebastes serriceps a 0 1 0.02 2. 1 1 0.20 2. 1
(J1
(J1 SCYLIORHINIDAE
Cepbaloscyllium ventriosum 0 0 0 1 0.20 2. 1
SYNGNATHIDAE
Syngnathus sp. 0 0 1 0.02 2. 1 0
TOTALS 290 8.06 305 6.35 349 7.27 989 20.60
TOTAL STATIONS 36 48 48 48
*A. corallinus and A.lateralis both occur in this area, but cannot be separated underwater
**Incoming year class
TABLE 6-53. Ranks of the Most Frequently-Observed Fishes at
Baited Fish Stations, 1980-82
SOC NDC NC
Species %fO Rank %FO Rank %FO Rank
B1ack-and-yellow rockfish 44.2 1 57.7 1 52.2 2
Painted greenling 43.3 2 31. 7 4 21.1 6
Snubnose sculpin 35.0 3 21. 7 6 6.1 11
Blue rockfish 34.2 4 51.2 2 55.6 1
Gopher rock fi sh 29.2 5 9.2 11 28.3 4
Coralline sculpin 23.4 6 10.0 10 5.6 14
Cabezon 19.2 7 22.5 5 5.6 12
B1ackeye goby 15.8 8 5.8 12 9.4 9
Ke 1p greenl i ng 15.0 9 13.3 7 7.8 10
Lingcod 13.3 10 21. 7 6 16.7 7
Striped surfperch 19.2 7 43.3 3 36.7 3
Kelp rockfish 3.3 13 12.5 8 1.1 18
Senorita 3.3 13 10.8 9 22.8 5
Grass rockfish 4.2 12 10.8 9 15.0 8
Tubesnout 0.0 0.0 6.1 11
%FO=Percent frequency of occurrence
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TABLE 6-54 .. P Values for Mann-Whitney UTests of Comparison of
Counts of Fishes at Random Deep {>25'} and Shallow
(~25') Sites. all Periods Combined
A11 AreasSpecies SDC NDC NC Combined
Coralline sculpin 0.724 0.896 0.054 0.485
Snubnose sculpin 0.213 0.200 + * 0.001*,
*Cabezon 0.001 0.252 0.699 0.116
Striped surfperch 0.895 0.950 0.540 0.884
Ke1p greenl i ng 0.921 0.092 0.980 0.322
Li ngcod 0.228 0.124 0.003* 0.001*
Painted greenling 0.030* 0.003* + * +'11\"-,
- ,
Gopher rockfish
-+~., 0.269 + * + *, ,
81 ack -and -ye 11 ow +,* 0.339 0.447 0.080
rockfish
81 ue rockfi sh (Audlts) 0.256 0.446 0.002* 0.018*
Total Fish 0.414 0.435 0.028*
*Significant at P < 0.05
+P < 0.0005
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TABLE 6-55. P Values for Kruskal~Wallis Tests of Comparison Counts of
Fishes at Random Sites for Five Sampling Periods, September
1980 through November 1982
Study Area
All Area
Species SDC NDC NC Combined
* 0.018*Coralline sculpin 0.005 0.095 + *,
* *Snubnose sculpin 0.029 0.074 0.075 0.018
Cabezon 0.472 0.146 0.798 0.044*
Striped surfperch 0.000* + * + * + *, , ,
* *Kelp greenling 0.501 0.259 0.013 0.005
Lingcod 0.752 0.010* 0.403 0.203
Painted greenling 0.043* 0.206 0.225 0.002*
Gopher rockfish 0.131 0.347 0.403 0.120
Black-and-yellow rockfish 0.233 0.072 0.008* 0.253
0.027*
~
Blue rockfish (Adults) +,'" +,~ + *.. ,
+ *.
..
Total Fishes + * + * -t;*. , t ,
*Significant at P < 0.05
+P < 0.0005
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TABLE 6-56 Dunn's Multiple Comparisons of Fish Counts Among Sampling Periods at an Experimentwise Error Rate of 0.1
Pairs (years)
Fall 1980 Fall 1980 Fall 1980 Fall 1980 Fall 1981 Fall 1981 Fall 1981 Spring 1981 Spring 1981 Fall 1982
Species Spring 1981 Fall 1981 Spring 1982 Fall 1982 Spring 1981 Fall 1982 Spring 1982 Fall 1982 Spring 1982 Spring 1982
South Diablo Cove
Coralline sculpin
Snubnose sculpin*
Striped surfperch
Painted greenling
Blue rockfish
N Total Fishes X
U1
~
Striped surfperch X
Lingcod*
Blue rockfish X
Total Fishes X
*Coralline sculpin
Striped surfperch
*Kelp greenling
Black-and-yellow rockfish X
Total Fishes X
X=Significant
*Test did not delineate where differences in counts occurred
X
X
X
X X
X
X
X
North Diablo-Cove
X X
X X
X
North Contro1
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
TABLE 6-57. P Values of Kruskal~Wallis Tests of Comparison of
Counts of Fishes at Random Sites between SDC t NDC
and NC
*Significnt at P ~ 0.05
** North Control not surveyed
***Zero counts in all study areas
+P < 0.0005
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TABLE 6-58. Dunn's Multiple Comparisons of Fish Counts Among
Study Areas at an Experimentwise Error Rate of 0.1
Pairs(Study Areas}
NDC NDC SOC
Species SOC NC NC
Fall 1980
Striped surfperch X
Painted greenling X
Gopher rockfish X
B1ack-and-ye11ow rockfish X
Blue rockfish X X
Fall 1981
Snubnose sculpin X
Striped surfperch X X
Lingcod X X
Blue rockfish X
Spring 1982
Gopher rockfish X
B1ack-and-ye1low rockfish X X
Blue rockfish X
Total Fishes X
Fall 1982
Coralline sculpin X
Snubnose sculpin X
Striped surfperch X
Blue rockfish X
Total Fishes X
All Periods Combined
Coralline sculpin X
Snubnose sculpin X
Cabezon X
Striped surfperch X
Painted greenling X
Gopher rockfi sh X X
Blue rockfish X X
X=Signifi cant 261
TABLE 6-59 . Ranks of the M~st Frequently Observed
Fishes at 30-m Arc Stations, 1979-1982
Diablo Cove North Control
Species %F Rank %F Rank
Painted greenling 70.9 1 48.2 2
Cabezon 48.8 2 21.2 6
Snubnose sculpin 41.9 3 21.2 6
Black-and-yellow rockfish 41.9 3 38.8 3
Coralline sculpin 32.6 4 28.2 4
Gopher rockfish 26.7 5 28.2 4
Kel pfi sh 22.1 6 49.4 1
Blue rockfish (Adults) 20.9 7 27.0 5
Kelp greenling 12.8 8 12.9 9
Blackeye goby 11.6 9 18.8 8
Senori ta 9.3 10 20.0 7
Striped surfperch 8.1 11 10.6 10
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TABLE 6-60. P Values for the Kruskal-Wallis Test on Counts Per
60-m2 Quadrats Among Years (1980-1982) of Nereocystis
leutkeana.
Study area
South Diablo Cove
North Diablo Cove
No rth Cant ro1
*Significant at P ~ 0.05
263
P values
0.142
0.048*
0.151
Discharge Structure
North Control
M (jO
Lion Rock V
(]
Field's Cove
o() ()
Diablo Cove
Figure 6-1. Random subtidal study areas (shaded).
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FIGURE 6-2. Laminaria dentigera statistics by year at subtidal 30-m2
quadrats for combined depths (1-60 ft). Yearly sample sizE~
per study area from top to bottom: 12, 12, 24.
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and North Control (NC) of three species of brown algae at sub-
tidal 30-m2 quadrats for combined years (1980-82) and depths
(1-60 ft). Sample size above standard error.
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FIGURE 6-5. Nereoaystis leutkeana statistics by year at subtidal 30-m2
quadrats for combined depths (1-60 ft). Yearly sample size
per study area from top to bottom: 12, 12, 24.
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Figure 6-6 . AnthopZeu!'a eZegantissima/A. xanthog!'ammica
statistics by year at subtidal 30-mz quadrats
for combined depths (1-70 ft). Yearly sample
size per study area (top to bottom) : 12, 12, 24.
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Figure 6-7. Astraea gibbe~sa statistics by year at
subtidal 30-m~ quadrats for combined depths
(1-70 ft). Yearly sample size per study
area (top to bottom) : 12, 12, 24.
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Cancep antennariU8 statistics by year at
subtidal 30-m2 quadrats for combined depths
(1-70 ft). Yearly sample size per study
area (top to bottom) : 12, 12, 24.
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Figure 6-9 . DoPiopsiZZa aZbopunotata/DendPodoris fuZva
statistics by year at subtidal 30-m2 quadrats
for combined depths (1-70 ft). Yearly sample
size per study area (top to bottom) : 12, 12,
24.
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Fi gure 6-10. HaZiotis pufescens statistics by year at
subtidal 30-m2 quadrats for combined depths
(1-70 ft). Yearly sample size per study
area (top to bottom) : 12, 12, 24.
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Figure 6-11. PatiPia miniata statistics by year at subtidal
30-m2 quadrats for combined depths (1-70 ft).
Yearly sample size per study area (top to bottom)
12. 12, 24.
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Figure 6-12. Pisa~ter giganteus statistics by year at subtidal
30-m quadrats for combined depths (1-70 ft).
Yearly sample size per study area (top to bottom)
12, 12, 24.
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Figure 6-13. Pyanopodia b.eUanthoidea statistics by year at
subtidal 30-m2 quadrats for combined depths
(1-70 ft). Yearly sample size per study area(top to bottom) : 12, 12, 24.
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Figure 6-14. Strongyloaentrotus frrraisaanus statistics by
year at subtidal 30-m quadrats for combined
depths (1-70 ft). Yearly sample size per study
area (top to bottom) : 12, 12, 24.
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Figure 6-15. Styela montel'~yen8i8 statistics by year at
subtidal 30-m quadrats for combined depths
(1-70 ft). Yearly sample size per study area
(top to bottom) : 12, 12, 24.
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Figure 6-16. Tethya aurantia statistics by year at subtidal
30-mZ quadrats for combined depths (1-70 ft).
Yearly sample size per study area (top to bottom)
12, 12, 24.
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Figure 6-18. Percent
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30-.2 arcs.
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Figure 6-20. Percent frequency of
occurrence of striped surfperch,
g!E!2!2S! !!!!~!!!!L at Diablo
Cove 30-m2 arcs.
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Figure 6-21. Percent frequency of
occurrence of kelp greenling,
Hexagrammos decagrammus, at Diablo'
Cove 30-m2 arcs.
Figure 6-22. Percent frequency of
occurrence of lingcod, Qeh!222n
!!2ng!~~!L at Diablo Cove 30-m2
arcs.
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Figure 6-23. Percent frequency of
occurrence of adult blue rockfish,
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Figure 6-24. Percent frequency of
occurrence of juvenile blue
rockfish, Sebastes mystinus at
Diablo Cove 30-m2 arcs.
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Figure 6-25. Percent frequency of
occurrence of snobnose sculpin,
Orthonopias triacis, at Diablo
Cove 30-m2 arcs.
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Figure 6-28. Percent frequency of
occurrence of gopher rockfish~
§!~!;!! S!~~!;~!L at Diablo Cove.
30-m2 arcs.
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Figure 6-30. Percent frequency of
occurrence of striped surfperch.
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Figure 6-31. Percent frequency of
occurrence of kelp greenlings.
~!!!9~!!!2~ 9!S!g~!!!~~L at North
Control 30-m2 arcs.
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Figure 6-34. Percent frequency of
occurrence of juvenile blue
rockfish, Sebastes mystinus, at
North Control 30-m2 arcs.
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Figure 6-37. Percent frequency of
occurrence of coralline sculpins,
Artedius corallinus, at North
Control 30-m 2 arcs.
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Figure 6-38. Percent frequency of
occurrence of snubnose sculpins,
Orthonopias triacis, at North
Control 30-m2 arcs.
Figure 6-39. Percent £requency o£
occurrence o£ painted greenling~
Q~~!~Q!Y~ eiE~Y§' at North Control
30-m2 arcs.
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marmoratus, at North Control 30-m2
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Figure 6-42. Percent frequency of
occurrence of black-and-yellow
rockfish, Sebastes chrysomelas, at
North Control 30-m2 arcs.
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FIGURE 6-43. Total soft red and green alga dry weight statistics by year at south Diablo Cove subtidal
0.25-m2 quadrats for combined depths (1-60 ft). Sample size above standard error.
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FIGURE 6-45. CaZZophyZZis complex dry weight statistics by year at sub-
tidal 0.25-m2 quadrats for combined depths (1-60 ft). Sample
size above standard error.
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FIGURE 6-46. Gigartina complex dry weight statistics by year at subtidal
0.25-m2 quadrats for combined depths (1-60 ft). Sample si:~e
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FIGURE 6- 47. Iridaea complex dry weight statistics by year at subtidal
0.25-m2 quadrats for combined depths (1-60 ft). Sample size
above standard error.
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FIGURE 6-48. MiorooZadia oouZteri dry weight statistics by year at subtidal
0.25-m2 quadrats for combined depths (1-60 ft). Sample size
above standard error.
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FIGURE 6-49. Neoptitota densa dry weight statistics by year at subtidal
0.25-m2 quadrats for combined depths (1-60 ft). Sample size
above standard error.
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FIGURE 6-50. 0PAmtieUa caZifornica dry weight statistics by year at sub-
tidal O.25-m2 quadrats for combined depths (1-60 ft).
Sample size above standard error.
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FIGURE 6-51. Prionitis UxnceoZata dry weight statistics by year at sub-
tidal 0.25-m2 quadrats for combined depths (1-60 ft). Sample
size above standard error.
302
SOUTH DIABLO COVE
100
BO
a:
W 60
...
5
W
~ 40
W
a: 20
ee
:;:)
0
0
54
47 28
4
o
NORTH CONTROL
124
47
34
12
I I 8
a:
W
...
a:W
eeN
:;:)-
0 0
a:
W
W..J
Q.,Q.,
~
... ee
:I: 0
CJ Q
W z
3: ee
>
a:
Q
0
~
ee
a:
CJ
z
ee
w
~
140
120
100
80
60
40
20
140
120
100
80
60
40
20
8
53
60
NORTH DIABLO COVE
14
3 o
0-10 I 1-20 21-30 31-40 41-50 51-60
DEPTH IN FEET
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FIGURE 6- 54- Total soft red and green alga dry weight statistics by year at North Control subtidal
0.25-m2 quadrats for combined depths (1-60 ft). Sample size above standard error.
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FIGURE 6-55. Total soft red and green alga dry weight statistics per subtidal O,25-m2 quadrat for
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FIGURE 6-56. BotryoqZossum complex dry weight statistics per subtidal
0.25-m quadrat for south Diablo Cove (SDC), north Diablo
Cove (NDC), and North Control (NC) , for combined years
(1980-82) and depths (1-60 ft). Sample size above standard
error.
1
Q ~
~ Cl~
~
~ ~
~ 143 266~ Q
ffi ~ 136 t +Qffi z~ +t-~ Vl
FIGURE 6-57. CaZZophyZZis complex dry weight statistics per subtidal
0.25-m2 quadrat for south Diablo Cove (SDC) , north Diablo
Cove (NDC), and North Control (NC), for combined years
(1980-82) and depths (1-60 ft). Sample size above standard
error.
307
Q ~
z C) 266~ ~
Vl ffi +~ 143~ Qffi ~~ +Q 136z z
ffi ~ +t-~ Vl
FIGURE 6-58. Gigaptina complex dry weight statistics per subtidal 0.25-m2
quadrat for south Diablo Cove (SDC) , north Diablo Cove (NDC) ,
and North Control (NC) , for combined years (1980-82) and
depths (1-60 ft). Sample size above standard error.
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FIGURE 6-59. Ipidaea complex dry weight statistics per subtidal 0.25-m2
quadrat for south Diablo Cove (SDC), north Diablo Cove (Nne),
and North Control (NC), for combined years (1980-82) and
depths (1-60 ft). Sample size above standard error.
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FIGURE 6-60. MiaroaZadia aouUeri dry weight statistics per subtidal
0.25-m2 quadrat for south Diablo Cove (SDC), north Diablo
Cove (NDC). and North Control (NC). for combined years
(1980-82) and depths (1-60 ft). Sample size above standard
error.
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FIGURE 6-61. Neoptilota densa dry weight statistics per subtidal 0.25-m2
quadrat for south Diablo Cove (SDC). north Diablo Cove (NDC).
and North Control (NC). for combined years (1980-82) and
depths (1-60 ft). Sample size above standard error.
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FIGURE 6-62. Opuntiella aaliforniaa dry weight statistics per subtidal
O.25-m2 quadrat for south Diablo Cove (SDC) , north Diablo
Cove (NDC), and North Control (NC), for combined years
(1980-82) and depths (1-60 ft). Sample size above standard
error.
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FIGURE 6-63. Prionitis lanaeolata dry weight statistics per subtidal
0.25-m2 quadrat for south Diablo Cove (SDC) , north Diablo
Cove (NDC), and North Control (NC) , for combined years
(1980-82) and depths (1-60 ft). Sample size above standard
error.
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FIGURE 6-65. Relative composition of dominant soft algal specieshpecies
complexes comprising at least one percent of the total
biomass at north Diablo Cove subtidal 0.25-m2 quadrats
for all years combined (1980-82).
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FIGURE 6-67. Articulated coralline alga statistics by year at subtidal
O.25-m2 quadrats for combined depths (1-60 ft). Yearly
sample size per study area (top to bottom): 48, 48, 96.
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FIGURE 6-68. Articulated coralline alga statistics for south Diablo Cove (SDC), north Diablo Cove
(NDC), and North Control (NC), at subtidal 0.25-m2 quadrats for combined years (1980-82)
and depths (1-60 ft). Sample size above standard error.
SOUTH DIABLO COVE
H.9 -
0.6 -
eJ tt;:j £1.3 ~ +:c +w
a:::
a: ~ ~;=)
OJ
l1)
a:::
w
t- NORTH DIABLO COVE0:::
a: ~L9 ..-;=)
OJ
eJ £1.6 ~ ta..
0:::
0 +a::: 0.3 ~ +a:::w
0
a::
"
~a:
0
z
a:
t-
l1)
0 NORTH CONTROLz £1.9a: -
t- tz;=) 0.6 ~0u
z +ffi fL3 ~ +:c
"
~
YEAR
Figure 6-69. Aamaea mitpa statistics by year at subtidal
0.25-m2 quadrats for combined depths (1-60 ft).
Yearly sample size per study area (top to bottom)
48, 4B, 96.
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Figure 6-00. AstPaea gibbero~a statistics by year at
subtidal 0.25-m quadrats for combined
depths (1-60 ft). Yearly sample size per
study area (top to bottom): 48, 48, 96.
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Figure 6-71. BalanophyUia elegrs stati sti cs by year
at subtidal 0.25-m quadrats for combined
depths (1-60 ft). Yearly sample size per
study area (top to bottom): 48, 48, 96.
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Figure 6-72. DoriopsiZZa aZbopunatata/DendPodoris fuZva
statistics by year at subtidal 0.25-m2
quadrats for combined depths (1-60 ft).
Yearly sample size per study area (top to
bottom) : 48, 48, 96.
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Figure 6-73. Epiactis prolifera statistics by year at
subtidal 0.25-m2 quadrats for combined
depths (1-60 ft). Yearly sample size per
study area (top to bottom): 48, 48, 96.
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Figure 6- 74. HaZiotis rufescens statistics by year at
subtidal 0.25-m2 quadrats for combined
depths (1-60 ft). Yearly sample size per
study area (top to bottom) : 48, 48, 96.
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Figure 6-75. Henriaia levius~la statistics by year at
subtidal 0.25-m quadrats for combined depths
(1-60 ft). Yearly sample size per study area
(top to bottom) : 48, 48, 96.
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Figure 6- 76. Homalopoma lUX'i~um stati sti cs by year at
subtidal 0.25-m quadrats for combined depths
(1-60 ft). Yearly sample size per study area
(top to bottom) : 48, 48, 96.
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Fi gure 6- 77. Patina miniata statistics by year at
subtidal 0.25-m2 quadrats for combined
depths (1-60 ft). Yearly sam~le size
per study area (top to bottom) : 48, 48, 96.
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SeppuZorbis squamigerus statistics by year at
subtidal 0.25-m2 quadrats for combined depths
(1-60 ft). Yearly sample size per study area
(top to bottom): 48, 48, 96.
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Fi gure 6- 79. StrongyZooentrotus franoisoanus statistics
by year at subtidalO.25-m2 quadrats for
combined depths (1-60 ft). Yearly sample
size per study area (top to bottom): 48,
48, 96.
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Figure 6-80. TeguZa brunnea statistics by year at
subtidal O.25-m2 quadrats for combined
depths (1-60 ft). Yearly sample size
per study area (top to bottom) : 48,
48, 96.
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Figure 6-81. ToniaeUa linear statistics by year at
subtidal O.25-m quadrats for combined
depths (1-60 ft). Yearly sample size per
study area (top to bottom) : 48, 48, 96.
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Figure 6-82. Coralline sculpin, Artedius corallinus, statistics
by seasons at baited stations. Seasonal (F = fall, S = spring)
sample size for South Diablo Cove (SOC) and North Diablo Cove (NDC):
24; for North Control (NC): 36,0,48, 48, 48.
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Figure 6-83. Snubnose sculpin, Orthonopias triacis, statistics by
seasons at baited stations. Seasonal (F = fall, S = spring) sample
size for South Diablo Cove (SOC) and North Diablo Cove (NOC): 24;
for North Control (NC): 36,0, 48, 48, 48.
331
SOC
+
++
1
2
V'l
0::::.
0
0:; 2 N D Ces
+Q0:;
cr.
Q 1z
cr. + +to-V'l
Q
Z +cr. 0 ....
V'l
to-
Z.
;:)
0
w
2
N C
z
ffi
2:
1 +
+
+ +
J ..•_ J I " I I
F6k' 581 F61 562 F62
SEASONS'
Figure 6-84. Striped surfperch, Embiotoca lateral is, statistical by
seasons at baited stations seasonal (F = fall, S = spring) sample
size for South Diablo Cove (SOC) and North Diablo Cove (NDC): 24;
for North Control (NC): 36, 0, 48, 48, 48.
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Figure 6-85. Painted greenling, Oxylebius pictus, statistics by
seasons at baited stations. Seasonal (F = fall, S = spring) sample
size for South Diablo Cove (SDC) and North Diablo Cove (NDC): 24;
for North Control (NC): 36,0, 48, 48, 48.
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Figure 6-86 .. Blue rockfish, Sebastes mystinus, statistics by seasons
at baited stations. Seasonal (F = fall, S - spring) sample size for
South Diablo Cove (SDC) and North Diablo Cove (NDC): 24; for North
Control (NC): 36,0, 48, 48, 48.
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Figure 6-87. Total fishes statistics by seasons at baited stations.
Seasonal (F = fall, S = spring) sample size for South Diablo Cove (SOC)
and North Diablo Cove (NDC): 24; for North Control (NC): 36, 0, 48,
48, 48.
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Figure 6-88. Cabezon, Scor aenichth s marmoratus, statistics by seasons
at baited stations. Seasonal F = fall, S = spring) sample size for
South Diablo Cove (SDC) and North Diablo Cove (NDC): 24; for North
Control (NC): 36,0, 48, 48, 48.
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Figure 6-89. Kelp greenling, ~exa rammos decagrammus; statistics by
seasons at baited stations. Seasonal F = fall, S = spring) sample
size for South Diablo Cove (SDC) and North Diablo Cove (NDC): 24; for
North Control (NC): 36,0, 48, 48, 48.
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. Figure 90. Lingcod, Ophiodon elongatus, statistics by seasons at baited
stations. Seasonal (F = fall, S = spring) sample size for South Diablo
Cove (SDC) and North Diablo Cove (NDC): 24; for North Control (NC): 36,
0, 48, 48, 48.
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Figure 6-91. Gopher rockfiah. ~~~~~;~~ g~£n~;Y~. statiatics by
a.aaons at baited atationa. Seaeonal (F-fall. S-.pring) sa.ple
size for South Diablo Cove (SOC) and North Diablo Cove (NDC): 24;
for North Control (NC): 36. O. 48. 48. 48.
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Figure 6-92. Black-and-yellow rockfish. ~!~!!~!! 9h~I!9!!!!!.
atatistics by .e.sona at baited stations. Seasonal (F=£all.
S-spring) s ••ple size for South Diablo Cove (SOC> and North
Diablo Cove (NDC>: 24; for North Control (MC>: 36. O. 48. 48. 48.
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FIGURE 6- 93 • Nereocystis leutkeana statistics by year at subtidal 60-m2
quadrats for combined depths (1-60 ft). Yearly sample size
per study area (top to bottom): 12, 12, 24.
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FIGURE 6-94 • Nereocystis leutkeana statistics for south Diablo Cove
(SDC). north Diablo Cove (NDC). and North Control (NC).
at subtidal 60-m2 quadrats for combined years (1980-82)
and combined depths (1-60 ft). Sample size above
standard errors.
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7 BULL KELP AND GIANT KELP CENSUS FROM SHORE (by B. B. Hatfield)
The purpose of this study was to document the number and
distribution of bull kelp, Nereocystis leutkeana, plants and giant
kelp, Macrocystis pyrifera, canopies each year at the surface in
Diahlo Cove for comparison among years.
7.1 Materials and Methods
The number and distribution of Nereocystis plants was determined
by counting pneumatocysts of this kelp from bluffs overlooking Diablo
Cove and then transfering this information on to a map of the cove.
The number and location of distinct Macrocystis surface canopies was
documented visually from shore. These annual censuses were conducted
in October, the time of year when the surface canopy of Nereocystis
is usually at or near its greatest development.
7.2 Results
Annual totals of 1627, 1214, 1157 and 1127 Nereocystis
pneumatocysts were counted in 1979, 1980, 1981, and 1982,
respectively. The majority of the plants occurred each year in the
more shallow peripheral areas of the cove (Figures 7-1 through 7-4),
with minor differences in distribution among years being observed.
Relatively fewer plants were observed in the southeast section of the
cove in 1981 and in the northeast section in 1982.
The number of distinct Macrocystis canopies ranged from a high of
five in 1979 to two in 1981. Three canopies were observed in Diablo
Cove in both 1980 and 1982. A Macrocystis canopy that was observed
approximately 50 meters west of the discharge structure in 1979 was
not seen again in that area during the following three censuses
(Figures 7-1 through 7-4).
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7.3 Discussion
The shore census was not designed to give the total number of
Nereocystis plants in Diablo Cove. One reason for this, which was
pointed out in the report covering the years 1973 through 1978
(Gotshall et al. 1984), is that an unknown and varying proportion of
the plants has not reached the surface by the time of the census.
Also, in areas with high Nereocystis densities, pneumatocysts can be
completely covered by fronds of adjacent plants. Care should also be
taken when comparing results of subtidal surveys and censuses from
shore for additional reasons. Most of the subtidal sampling at
Diablo Cove was conducted in June, July, and August. It is possible
that many small sporophytes were overlooked during early summer
subtidal sampling or that many plants had already been torn from the
substrate before the censuses in October. However, this study does
provide an estimate of the relative abundance and population trends
of Nereocystis leutkeana in Diablo Cove. In addition, it shows where
surface canopies of this species and Macrocystis pyrifera are
distributed and how their distribution changes from year to year.
In comparison with the Nereocystis densities in 1974 and 1975
following the removal of urchins by sea otters (Gotshall et al.
1984), the shore censuses (Table 7-1) in conjunction with both the
60-~ and 30-m 2 subtidal surveys indicate that Nereocystis was much
less abundant in Diablo Cove from 1979 through 1982. The pattern of
brown alga succession observed by us at Diablo Cove is similar to
that observed in an Alaskan study following the experimental removal
of sea urchins (Duggins 1980). The ensuing reduction in Nereocystis
was accompanied by an increase in Laminaria dentigera and
Pterygophora californica, both perennial lower canopy forming brown
alga species (for a more in depth discussion see Section 6.1.1.3).
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Surface counts of Nereocystis in Diablo Cove from 1979 through 1982
indicated the density of this kelp was low and relatively unchanging
when compared to counts of previous years. Based on our qualitative
subtidal observations in Diablo Cove following a series of
spectacular winter storms in 1983, it was evident that the Laminaria
and Pterygophra cover was considerably reduced. It will be
interesting to see if this will result in a temporary resurgence of
Nereocystis in this area.
An increase in Macrocystis pyrifera cover (also a perennial)
reported by Leighton, Jones, and North (1966) in southern California
and Pearse and Hines (1979) in central California following sea
urchin removal was observed initially in Diablo Cove. The absence of
a substantial increase in the Macrocystis surface canopy over the
last few years might indicate that wave action, which affects surface
canopy-forming species more than subsurface species, (Reed and Foster
1982), has been severe enough to limit its expansion at depths
encountered within Diablo Cove.
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TABLE 7-1. Numbers of Bu11 J(e1P. Nexoeoc1/s tis leutkeana.
pneumatocysts and Distinct 'Giant Kelp. Macrocyatis
pyrifera. Canopies in Diablo Cove from Shore Censuses
Year
Nel'eocystis Macrocystis
pneumatoc,Ysts canopies
1970 4,686 0
1971 5,445 0
1972 No census
1973 10,263 0
1974 18,663 0
1975 No census
'1976 11 ,323 0
1977 10,563 1
1978 5,295 4
1979 1,627 5
1980 1,214 3
1981 1,157 2
1982 1,127 3
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Macrocystis pyrifera beds,ED, at the surface in Diablo
Cove, October 17, 1979,
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8 SEA OTTER STUDY (by B. B. Hatfield)
8.1 Haterials and 11ethods
From J anua ry 1979 thl"ough October 1982, sea otters \'lere counted
in ttle Di ab 10 Canyon area in the same manner as reported by Gotsha 11
et ale (l98 if) , exrept that one additional area (Intake Cove) was
included in the census area beginning in 1980. Counts were made from
bluffs using field binoculars and a 15-60x spotting scope along 2.7
km of coast in the vicinity of the Diablo Canyon Power Plant site.
The census area was subdivided into four regions referred to as
Field's Cove, Diablo Cove, Intake Cove, and South Cove areas (Figure
8-1). An attempt was made to identify prey whenever otters were
observed feeding. In addition, the behavior of each animal was noted
during the censuses.
Sea otter behaviors were placed in one of four categories:
resting, foraging, swimming or interacting. Animals sleeping, at
rest or grooming, but not swimming or diving were considered to be
resting. Females that were grooming their pups and not swimming were
also placed into this category. (A pup refers to an animal that is
dependent on, and in constant association with its mother. They are
usually noticeably smaller in size.) Foraging was any behavior used
in the search for and consumption of food. The characteristic
grooming between dives, and food sharing between mothers and pups
\'lere also included in this category. Swimrning described sea otters
actually travelling to a different location, not the haphazard
movements of interacting animals or the movements of foraging otters.
The interaction category described two or more animals whose
behaviors were directed towards one another, such as mating or
"playing," with the exreption of the food sharing behavior between
mothers and pups.
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An average of six counts per month were conducted, when time and
weather permitted. Generally, censuses began in Field's Cove,
continuing to the south, taking an average of one hour to complete.
Approximately 70% of the counts were started before 1130 hours \"ith
about 50% starting between 0900 and lOBO hours. To determine a mean
count all complete censuses during a month were averaged. Data from
incomplete censuses were used only in behavior and food item studies.
8.2 Resul ts
Distinct seasonal sea otter population fluctuations in the Diablo
Canyon area were observed and documented. The largest number of
otters were observed in the spring and early summer each year. Few
animals were seen in the fall and early winter (Table 8-1; Figure 8-2).
There was a steady increase in the number of otters in this area each
year from 1979 through 1982, although the number of otters observed
in 1979 was lower than previous years (Gotshall et al. 1984).
The number of months during which pups were observed increased
from three months in 1979 to all nine months censused in 1982. A
noticeable increase in both the mean number of pups and the most pups
seen during one census occurred in 1982. The highest mean pup count
in 1982 was 4.3, while the highest mean pup count during the previous
three years was 0.9 {Table 8-1}. The most pups seen during anyone
census in 1982 was eight, compared to three in either 1979, 1980, or
198!.
8.2.1 Field's Cove Area
Most of the sea otters counted were located in Field's Cove area.
From January 1979 through October 1982, 80% of all otters censused
were in this area (Table 8-2), and the majority of these animals were
located directly in the lee of Lion Rock. This location is one of
the preferred rafting sites in this area (Benech 1982b), apparently
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because of the protection afforded by Lion Rock and the existence
(except after severe storms) of a Macrocystis surface canopy. The
maximum count for anyone day was 29 in July 1982. The highest mean
count was 16.7 in April 1982 t and the mean count was over 10.0 for
three months in both 1981 and 1982 (Table 8-1).
Behavorial observations indicate approximately 86% of the otters
seen in Field's Cove area were resting and only 8% were foraging.
This proportion changed very little from year to year (Table 8-3).
Of the 12 inidividual food items identified in this area 8 were
abalones t (Haliotis spp) t including several red abalone estimated to
be six to seven inches in length seen as recently as 1982. The
remaining prey were kelp crabs t Pugettia producta, and unidentified
crabs.
8.2.2 Diablo Cove Area
From January 1979 through October 1982 approximately five percent
of the sea otters censused were found in Diablo Cove. The mean count
for this area was 1.0 or more on only four occasions (Table 8-1) t and
the maximum count was five in June 1980. Although 49% of the animals
observed in Diablo Cove were resting t no rafting site was located
there. Otters were most commonly seen resting alone and in scattered
locations within the cove. Thirty-eight percent of the animals
observed were foraging, usually in the more shallow peripheral areas
of the cove (Table 8-3). Twelve of the fifteen sea otter food items
identified were crabs, including rock (Cancer sp.) and kelp crabs.
The remaining three were abalone. Interacting and swimming otters
were observed with equal frequencies of 16%.
8.2.3 Intake Cove Area
Sea otter counts in Intake Cove area were eight percent of the
total of all four areas from January 1980 through October 1982, but
varied from 3% of the 1981 total to 18% of the 1980 total t (Table
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8-2). The west breakwater provides an area that is protected from
both wind and swell, and frequently has a surface canopy of kelp. A
rafting site was located in this area, indicated by the high
percentage (75%) of resting animals observed (Table 8-3), and several
animals frequently resting together. This was evident in 1980 and
1982 when more animals were utilizing this area and as many as nine
were seen resting at one time. The highest mean count for this area
was 2.4 in 1980, followed by 2.3 in 1982. In comparison the highest
mean count in 1981 was 0.7 (Table 8-1). Both foraging and
interacting animals were observed with equal frequency of (12%).
None of the food items captured by foraging otters in this area were
identified.
8.2.4 South Cove Area
Of all the sea otters censused since January 1979, approximately
seven percent were spotted in the South Cove area (Table 8-1). Mean
counts for this area were 1.0 or more only four times (twice each in
1980 and 1982) and the highest mean count was 1.4 for April 1982
(Table 8-1). The highest number of otters seen at one time in this
area was three.
South Cove area was the only location in which a higher
percentage of animals was observed foraging than resting, 49 and 43%,
respectively (Table 8-3). Of the five prey items identified, three
were red abalone, one was a kelp crab and one an octopus.
8.3 Discussion
The accuracy of sea otter counts is affected by many factors
including weather, otter behavior, and observer experience. In
addition, we found that sea otter counts along a several kilometer
stretch of coast were influenced by the location of rafting sites.
The one consistent rafting site in our study area was located at the
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immediate north boundary of the study area. Otters using this site
frequently relocated to other rafting sites outside our census area,
approximately 2.5 km north of Lion Rock (Benech 1981, 1982b). In
addition, animals observed at the Lion Rock rafting site would travel
to forage in both directions along the coast. For these reasons,
census totals can fluctuate considerably between consecutive counts.
For example, in 1981, 21 sea otters were counted in the study areas
on April 14, 3 on April 16, and 17 on April 17. tJevertheless, if
conducted frequently to minimize standard error, censuses of otters
along a short stretch of coast can give estimates of the numbers of
otters and document relative population fluctuations.
For several years prior to 1979, the large southern peripheral
male group rafted seasonally in kelp near Pecho Rock, approximately
six km south of the Diablo Canyon Power Plant. Since 1979 (including
1983), this large southern group has formed in the winter and rafted
offshore from the community of Shell Beach, about 21 km south of the
power plant. An exception to this occurred in 1982 when the
peripheral male group formed in the winter, but rafted offshore from
the Morro Bay sand spit, 16 km north of the power plant (Fred
Wendell, pers. comm.). The recolonization of the coast near Diablo
Canyon by reproducing female otters after the reduced influence of
the peripheral male group follows the pattern observed previously at
both ends of the sea otter's range in California (Fred Wendell, pers.
comm. ) •
Sea otters were observed foraging in each of the four contiguous
areas censused and their effect on the density and distribution of
nearshore macro-invertebrates were observed and documented in this
area (Gotshall et ale 1984). Other researchers have observed the
dramatic influence that the removal of certain sea otter prey,
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whether naturally or experimentally, can have on the nearshore marine
community (Estes and Palmisano 1974, Estes, Smith and Palmisano 1978,
Pearse and Hines 1979, Duggins 1980, Breen, Carson, Foster, and
Stewart 1982). These studies and our own observations indicate sea
otters are a very important biological factor influencing community
structure in the nearshore environment, including the marine
environment in the vicinity of Diablo Canyon.
Unless the sea otter population in California experiences high
mortality, the southern peripheral male group will most likely
continue to expand southward followed by more stable resident
populations. Lion Rock and, to a lesser extent, the west breakwater
at Intake Cove will probably continue to be favored rafting sites,
and otters will continue to forage and be a dominant nearshore
macro-invertebrate predator in the areas near Diablo Canyon. If the
effects of the heated discharged water from the power plant exclude
sea otters from portions of Diablo Cove, it may be difficult to
assess which changes in species distribution and density are the
direct result of the thermal discharge and which are the result of
restricted foraging by sea otters. For this reason, the monitoring
of sea otter activity in and adjacent to Diablo Cove should be
continued.
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TABLE 8-1. Summary of Department of Fish and Game Sea Otter Censuses in the Vicinity of the
Diablo Canyon Nuclear Power Plant, 1979-1982
Entire Study Area Mean Count. Each Area Pups
1979" No. of No. of Fie1d~s Diablo Intake South
Month Counts Otters Mean SE Range Cove Cove Cove Cove Mean SE Range
-
Jan* 14 5 0.4 0.1 0-1 ,0 0.1 -- 0.3 0 0 0
Feb* 3 1 0.3 0.3 0-1 0.3 0 -- 0 0 0 0
Mar* 7 2 0.3 0..2 0-1 0 0 -- 0.3 0 0 0
Apr* 14 33 2.4 0.5 0-5 1.9 0.2 -- 0.2 0.3 0.1 0-1
May* 8 28 3.5 0.5 1-6 3.4 0 -- 0.1 0.5 0.3 0-2
w
tTl Jun* 5 16 3.2 0.9 0-5 3.2 0 -- 0 0.2 0.2 0-1en
Ju1* 5 15 3.0 1.6 0-9 2.6 0 -- 0.4 0 0 0
Aug+ 4 11 2.8 1.1 1-6 2.0 0 0 0.8 0 0 0
Sep+ 3 4 1.3 0.3 1-2 0.7 0 0 0.7 0 0 0
Oct+ 2 0 0 0 0 0 0 0 0 0 0 0
Nov* 1 0 0 0 0 0 0 0 0 0 0 0
Dec* 2 1 0.5 0.5 0-1 0 0.5 -- 0 0 0 0
*Counts do not include otters that may have been in Intake Cove area. These data are considered comparable
since counts made by S. V. Benech (1979-1980) during this period indicate very few otters were utilizing
this area. - ..
+Data contributed by S. V. Benech, Ecomar, Inc., Goleta, California.
TABLE 8-1. (continued)
Entire Study Area Mean Count, Each Area Pups
1980 No. of ~o. of Field's Dlabl0 IBtake S~uthMonth Counts tters Mean SE Ran~ Cove ove ove ove Mean SE Range
Jan* 5 3 0.6 0.2 0-1 0.2 OA -- 0 0 0 0
Feb* 3 9 3.0 3.0 0-9 1.7 0.3 -- 1.0 o .7 0.7 0-2
Mar 7 62 8.9 2.7 1-18 6.3 0.4 1.9 0.3 0.9 0.4 0-3
Apr 6 62 10.3 2.3 3-16 8.5 1.0 0.5 0.3 0.7 0.3 0-2
May 7 76 10.9 2.2 0-18 8.7 0.1 2.0 0 0 0 0
w
(J'l Jun 7 73 10.4 2.3 3-22 6.3 1.1 2.4 0.6 0.1 O. 1 0-1"'-J
Jul 7 20 2.9 0.6 1-5 1.0 0.1 1.0 0.7 0 0 0
Aug 8 1 0.1 0.1 0-1 0 0 0 0.1 0 0 0
Sep 8 2 0.2 0.2 0-2 0.2 0 0 0 0 0 0
Oct 9 3 0.3 0.2 0-1 0.2 0 0.1 0 0 0 0
Nov 8 2 0.2 0.2 0-1 0.1 0 0.1 0 0 0 0
Dec 6 1 0.2 0.2 0-1 0 0.2 0 0 0 0 0
~Cour.ts 00 not include otters that may have been in Intake Cove area. These data are considered comparable
since counts made by S. V. Benech, (1979-1980) during this period indicate very few otters were utilizing
this area~
TABLE 8-1.. (continued)
Entire Study Area Mean Count, Each Area Pups
1981 N--O:-o-f No. of Fielcl's Diablo Intake South
Month Counts Otters Mean SE Range Cove Cove Cove Cove Mean SE Range
Jan 9 20 2.2 0.6 0-5 1.6 0.2 0.1 0.3 0.3 0.2 0-1
Feb 13 46 3.5 0.8 0-10 2.8 0.2 0.2 0.3 0.5 0.2 0-2
Mar 12 58 4.8 0.9 0-10 3.9 0 0 0.9 0.4 0.2 0-1
Apr 15 161 10.7 1.7 2-21 10.0 0.2 O. 1 0.4 0.4 O. 1 0-1
w
May 6 100 16.7 3.5 4-26 15.3 0.5 0.7 0.2 0.5 0.2 0-1
U"1
ex> Jun 7 107 15.3 2.4 8-26 13.9 0.3 0.4 0.7 0.1 O. 1 0-1
Ju1 3 16 5.3 2.7 0-9 5.0 0.3 0 0 0 0 0
Aug 5 1 0.2 0.2 0-1 0 0 0.2 0 0 0 0
Sep 0
Oct 4 1 0.2 0.2 0-1 0 0.2 0 0 0 0 0
Nov 5 4 0.8 0.5 0-2 0.6 0 0.2 0 0 0 0
Dec 6 12 2.0 0.7 0-5 0.8 0.2 0.3 0.7 0 0 0
TABLE 8-I. (continued)
Entire Study Area Mean Count, Each Area Pups
1982 No. of No. of Fie1d 1 s Diablo Intake South
Month Counts Otters Mean SE Range Cove Cove Cove Cove Mean SE Range
Jan 0
Feb 4 24 6.0 1.2 3-9 4.8 0.2 1.0 0 1.2 0.2 1-2
Mar 3 14 4.7 2.3 0-7 4.3 0 0 0.3 1.3 0.7 0-2
Apr 7 133 19.0 2.4 10-26 16.7 0.3 0.6 1.4 4.0 1.1 0-8
May 3 46 15.3 7.2 1-23 13.3 0 1.7 0.3 3.0 1.5 0-5
w Jun 6 52 8.7 1.9 4-17 4.7 0.8 2.3 0.8 1.3 0.6 0-3
(Jl
~ Ju1 3 52 17.3 6.8 10-31 15.7 0.3 0.3 1.0 4.3 1.3 3-7
Aug 3 16 5.3 0.7 4-6 4.0 1.0 0.3 0 1.0 0 1
Sep 7 21 3.0 1.3 0-8 1.9 1.0 0 o. 1 0.3 0.3 0-2
Oct 6 21 3.5 1.0 1.7 2.2 0.8 0.3 0.2 0.2 0.2 0-1
TABLE 8.-!2. Distribution of Sea Otters During Censuses in the Vicinity
of the Diablo Canyon Nuclear Power Plant
Field's Cove Diablo Cove Intake Cove* South Cove
Total No. of %of %of %of %of
Year Otters Counted No. total No. total No. total No. total
1979 116 94 81.0 5 4.3 0 17 14.7
1980 314 218 69.4 23 7.3 56 17 .8 17 5.4
1981 526 460 87.5 15 2.8 17 3.2 34 6.5
1982 379 302 79.7 24 6.3 31 8.2 22 5.8
Total 1335 1074 80.4 67 5.0 104 7.8 90 6.7
*Intake Cove area counts were not made or not included during 9 months of 1979 and
during January and February of 1980
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TABLE 8-3. Sunmary of Sea Otter Behavior at the Time of Observation. R=Resting, F=Foraging, S=Swimming,
~:=Jnteracting
Field's Cove Diablo Cove Intake Cove South Cove
Area Area Area Area
Year R F S I R F S I R F S I R F S I
1979 81 3 0 0 0 2 0 0 0 0 0 0 0 8 1 0
1980 225 21 7 6 9 6 1 4 42 6 1 7 8 9 1 0
1981 377 50 22 17 7 10 2 2 9 4 0 6 16 15 1 2
1982 238 16 12 7 16 7 1 0 27 3 0 0 11 8 1 0
Tota 1 966 90 41 30 32 25 4 4 78 13 1 13 35 40 4 2
~ % of
8.0 49.4 4.9 2.5~ Total 85.7 3.6 2.7 49.2 38.4 6.2 6.2 74.3 12.4 1.0 12.4 43.2
------------
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FIGURE 8-1. Sea otter census areas.
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11 APPENDIX (Project Effort)
Period of Effort: January 1, 1979 through June 30, 1983
Total Man-Days During Survey Period: 6,826
Total Man-Days at Site*: 5,990
Subtidal Fieldwork:
0.25-m 2 quadrat stations = 173
30-m2 quadrat stations = 173
fish count stations = 210
Intertidal Fieldwork:
0.25-m2 quadrat stations = 186
parallel-to-shore abalone transects = 186
perpendicular-to-shore abalone transects = 168
permanent abalone transects = 67
Bull Kelp Shore Census: 4
Sea Otter Observations (number of days): 276
*Includes only actual time spent at the laboratory and in the field.
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